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United States Patent No. 4,858,612—Hear- 

ing Device: 
ABSTRACT 
А method and apparatus for simulation of 
hearing in mammals by introducuon of a 
plurality of microwaves into the region of 
the auditory cortex... А microphone is used . 
to transform sound signals into electrical 
signals which are in turn analyzed and 
processed to provide controls for generating 
a plurality of microwave signals at different 
frequencies. The multifrequency micro- 
waves are then applied to the brain in the 
region of the auditory cortex. By this method 
sounds are perceived by the mammal which 
are representative of the original sound рег- 
ceived by the microphone. 


You will not find a better description of the 
means by which voices can be electronically 
transmitted into a human mind. Although 
the text of the patent presents the invention 
as a therapeutic aid for individuals who 
have hearing impairments, the potential 
mind control applications of the device are 


obvious. 


But why stop at the mere electronic 
transmission of voices into the human 
brain? Why not electronically alter the 
brain waves themselves by means of radio 
transmissions? Consider, for example, 
United States Patent No. 3,951,134 – Appa- 
ratus and. Method for Remotely Monitoring 
and Altering Brain Waves. The abstract 
Says: 


ABSTRACT 

Apparatus for and method of sensing brain 
waves at a position remote from a subject 
whereby electromagnetic signals of different 
frequencies are simultaneously transmitted 
to the brain of the subject in which the sig- 
nals interfere with one another to yield a 
waveform which is modulated by the sub- 
ject's brain waves. The interference wave- 
form which is representative of the brain 
wave activity is re-transmitted by the brain 
to a receiver where it is demodulated and 
amplified. The demodulated waveform is 
then displayed for visual viewing and routed 
to a computer for further processing and 
analysis. The demodulated waveform also 
can be used to produce a compensating sig- 
nal which is transmitted back to the brain to 
effect a desired change in electrical activity 
therein. 


Quoting again from the text of the patent: 


SUMMARY OF THE INVENTION 

The present invention relates to apparatus 
and a method for monitoring brain waves 
wherein all components of the apparatus 
employed are remote from the test subject. 
More specifically, high frequency transmit- 
ters are operated to radiate electromagnetic 
energy of different frequencies through an- 
tennas which are capable of scanning the 
entire brain of the test subject or any de- 
sired region thereof. The signals of different 
frequencies penetrate the skull of tH sub- 
ject and impinge upon the brain where they 
mix to yield an interference wave modulated 
by radiations from the brain's natural elec- 
trical activity. The modulated interference 
wave is re-transmitted by the brain and re- 
ceived by an antenna at a remote station 


where it is demodulated, and processed to 
provide a profile of the subject's brain waves. 
In addition to passively monitoring his brain 
waves, the subject's neurological processes 
may be affected by transmitting to his brain, 
through a transmitter, compensating sig- 
nals. The latter signals can be derived from 
the received and processed brain waves. 


The import of the invention could not be 
clearer. This patent spells out, in black and 
white, an electronic method and apparatus 
for remotely monitoring and altering the 
brain waves of human beings, by use of ra- 
dio transmitters and computers. The sub- 
ject’s brain waves are electronically moni- 
tored, received, routed to a computer, modi- 
fied, and then transmitted back to his/her 
brain, with the stated intention of altering 
the “electrical activity” of the subject's brain. 
As the patent states: 


... the subject's neurological processes may 
be affected by transmitting to his brain, 
through a transmitter, compensating sig- 
nals, The latter signals can be derived from 
the received and processed brain waves. 


The potential for electronic mind control is 
transparent. | d 


Thanks to modern electronic technology 
the electrical activity of the human brain 
can be precisely monitored and displayed. 
The subtle electromagnetic felds and ac- 
companying electrical activity in the brain 
can be electronically monitored and ге- 
corded in real time. United States Patent 
No. 4,951,674—Biomagnetic Analytical Sys- 
tem Using Fiber-Optic Magnetic Sensors 
describes one such method and apparatus: 


ABSTRACT 

A biomagnetic analytical system for sensing 
and indicating minute magnetic fields ema- 
nating from the brain or from any other tis- 
sue region of interest in a subject under 
study. The system includes a magnetic pick- 
up device constituted by an array of fiber- 
optic magnetic sensors mounted at positions 
distributed throughout the inner confines of 
a magnetic shield configured to conform 
generally to the head of the subject or what- 
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ever other body region is of interest. Each 
sensor yields a light beam whose phase or 
other parameter is modulated in accordance 
with the magnetic беја emanating from the 
related site in the region. The modulated 
beam from each sensor is compared in an 
interferometer with a reference light beam 
to yield an output signal that is a function of 
the magnetic field being emitted at the re- 
lated site. The output signals from the inter- 
ferometer are processed to provide a display 
or recording exhibiting the pattern or map of 
magnetic fields resulting from emanations 
at the multitude of sites encompassed by the 
region. 
This device makes possible the mapping of 
the brain's biomagnetic activity. The data 
can be displayed visually, on a CRT monitor 
(as on a computer screen), permitting a spe- 
cialist to electronically peer into a person's 
head and to: 


..."see" a functional image of the brain on а 
CRT, ... the image will be a profile of the 
electromganetically “active” portions of the 
brain, as shown by the magnetic pattern de- 
rived from data reduction... 


The data can also be digitized for subse- 
quent storage and manipulation. In the 
words of the patent: 


The data can also be directed to a storage 
medium for the purpose of recording the 
digitized biomagnetic data for archiving and 
later retrieval and processing. 


Patent No. 4,951,674 goes on to say that 
during the data processing stage, data from: 


... modalities such as EEG, EKG, MRI and 
X-ray ... can be combined with the biomag- 
netic data... 


In other words, the practitioner can recon- 
cile the biomagnetic data with an individ- 
uals EEG pattern. This means a specific 
pattern of biomagnetic activity can be cor- 
related with a particular pattern of electri- 
cal activity in the brain. (See the appendix 
at the end of the book for the complete pat- 
ent. Look at illustrations 1 to 3. Note the 
special helmet with the magnetic sensors 
that fits around the head of the person 


whose brains biomagnetic activity 1s being 
monitored and digitally recorded.) 

United States Patent No. 4,408,616, 
Brain Electrical Activity Mapping, provides 
further information on how the human 
brain can be electronically monitored. 


The patent abstract says, 
in part: 

Topographic displays of brain electrical ac- 
tivity are produced from matrices of data de- 
rived from evoked potential (EP) and 
steady-state responses of skull transducers 
... the rate of data sampling is sufficient to 
capture rapid transient events ... 


In other words, the transition from one 
mental state to another can be observed and 
electronically mapped. The text of the pat- 
ent explains how this is done: 


Twenty electrodes (e.g., Grass gold cup) are 
attached to subject's skull ... Twenty leads 
from electrodes are connected through 
switch to conventional 24-channel polygraph 


The patent succinctly explains how elec- 
trodes are attached to a person's skull and 
connected to a polygraph machine to record 
the electrical activity of their brain in real 
time, as it responds to various stimuli. It 


‚ neatly sums up: 


... (Dhe brain electrical activity mapping . 
system creates color topographic displays re- 
flecting brain electrical activity using, as in- 
put, continuous electrical waveforms re- 
corded from a number of points on the skull. 


The data are then converted to digital form. 
Data are stored in individual files or com- 
bined with others into “group” files, so that 
a group profile of brain electrical activity in 
response to a variety of stimuli can be con- 
structed. The stimulus may be a flashing ` 
light or something more complex, like being 
asked to distinguish between two similar, 
but slightly different, spoken words. 

Over time, a library of digitized data 
(data that can be stored and analyzed by 
computer) about the electrical activity of the 
brains of individual people and groups of 
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people is built up. This is precisely the type 
of data that can be used to modulate a radio 
wave that is transmitted into a target sub- 
ject's brain to alter his/her brainwaves. In 
principle, by using averaged data derived 
from group files of brain electrical activity, it 
should be possible to modulate radio broad- 
casts to affect the brain electrical activity of 
large numbers of a target population. 
In many cases peoples minds and brains 
have been tampered with and altered with- 
out their informed consent. Psychoactive 
drugs, microwaves, hypnosis, brain washing 
and electronic implants are some of the 
ways in which mind control victims have 
been attacked by these shadowy agencies. 
Electronic and psychotronic mind con- 
trol technologies are absolutely antithetical 
to the fundamental exercise of human free- 
dom. Unfortunately, the patents and tech- 
nologies described here are real. It is time 
for us all to wake up and see things as they 
are. А particularly insidious slavery is men- 
tal enslavement, accomplished by electroni- 
cally or psychotronically altering people’s 
thoughts, such that their very thoughts are 
not their own, but are ones that their self- 
appointed masters would have them to 
think. 
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[57] ABSTRACT 

А method and apparatus for simulation of hearing in 
mammals by introduction of a plurality of microwaves 
into the region of the auditory cortex is shown and 
described. A microphone is used to transform sound 
signals into electrical signals which are in turn anziyzed 
and processed to provide controls for generating a piu- 
rality of microwave signals at different frequencies. The 
muitifrequency microwaves are then appiied (о the 
brain in the region of the auditory cortex. By this 
method sounds are perceived by the mammal which are 
representative of the original sound received by the 
microphone. 








29 Claims, 7 Drawing Sheets 


MICROWAVE AMPLIFIER BANK 18 





272 o pm — 


> и: WAVE — 
GENERATOR 


И XIULVN 





Sheet 1 of 7 4,650,012 


Aug. 22, 1989 


ч.2. гаси 














1001009 
JOON 
nM 
— N 
г м N 77 үй NN v 
i 1 
N ANNOY _ ib “Фу [wor А 3 
TOULNOD NIVI OL Nj —k] —N£ — «и | мой š 
Ke № — 
EN. BENT 
I 
р 
г м —<а 
| 2 CUN 
8300 383 —— — — 
108180) Mv901 72 — Ky --0- DR 
1 _— í 
а 
FES 
Iç 
1494310343 aly Ib 
NONI Vd 
1081802 NIV 01 Y E 300N 
—-—K]——— 
KI——9— || 
е 


I 
ко! КОН 300и 





il 1914 


U.S. Patent ^ Aug 22, 1989 Sheet 2 of 7 4,858,612 


18 


Н 0. 2 MICROWAVE >>. BANK 18 


od — 


ТЭЭ 








OSCILLATOR 
N 





MICROWAVE RADIATION 
GENERATOR 


FIG 20 


32 20 
( 


BROADBAND 
ES 





— 5 р Wi Е 
р2 | 2: 
(915 20. EINE 
lis | : 2 
о а 


U.S. Раептп Aug. 22, 1989 Sheet 3 of 7 4,858,612 
1 | 1 " 1 4 
Р * | 
<> Уе MAS — --- №№ | 
ш- 


10.4 


FIG 3 


ROWE 1 ——— 
300 


1 1 1 _1 1 
e 2 =! 5 = = 
| 
OT АИ M — بر‎ 5? Aih = | ! 
= 


e 
го 


30% 


= 
ce 
m 


U.S. Patent Aug. 22, 1989 Sheet 4 of 7 4,858,612 
FIG 6 









MICROWAVE 
HEARING 
GENERATOR WITH 
ADJUSTABLE MODE 
PARTITION 






SOUND 
SOURCE 














SF- SOUND 
SHIELDED 
ROOK 


FIG 7 







VARIASLE 
OSCILLATOR 





721 VARIABE | 
OSCLLLATOR 


| 75 N 
2: | 





f 


U.S. alent Aug. 22, 1989 Sheet 5 of 7 4,533,012 






FIG 9 
1=0 


TO r = +1— | 0 1 =-! 






ts 


ёг, AND Ø RELATED TO CARTESIAN 
COORDINATES x,y,z 





SECTION А-А 
y PANSFORMATION EQUATIONS 
1 ТИТ trt eos g ( ists 
/ 


4M | 
у а (171 tang “2054 


| 
TTE j Nem 


U.S. Patent ^ Aug. 22, 1989 Sheet 6 of 7 4,858,612 


! MODE NUMBES 
| 







— — 22.M00€ МЕ 
~ 


Y 
=, 3. MODE 
| У мез 





FIG Al 


TRANSVERSE ELECTRIC MODES С 


16.12 


PRIMARY AUDITORY CORTEX 





US. Patent Aug. 22, 1989 Sheet 7 of 7 


1 


~ 
1 


RMS AMPLITUDE, TRANSVERSE ELECTRIC FIELD (RELATIVE UNITS) 













SOURCE 
LOCATIONS 


/ V 


\ 
20° 215° 







a 
D 
t 
4 





4,858,612 





` 25 
is p 
et и ` 50 с/5 — 
— — ... ё 
put 100:/5 44442222: = 
Q еі ue 5 
40 22:22 = 


STA? 


10° 111154 20° 300 
MODAL PATTERNS ON Al 


FIG 13 


BASILAR MEM ^n 
ON COCHLEA 


800% 2222 
zi 
80046 К 2 0 


0 0 2 30 
STANCE aci 


NE P ACEMENT 


(27 


4,898,612 


1 
HEARING DEVICE 


BACKGROUND OF THE INVENTION 


1. Field of the Invention 

This invention relates to devices for aiding of hearing 
in mammals. The invention is based upon the perception 
of sounds which is experienced in the brain when the 
brain is subjected to certain microwave radiation sig- 
nals. 

2. Description of the Prior Art 

In prior art hearing devices for human beings, it is 
well known to amplify sounds to be heard and to apply 
the amplified sound signal to the ear of the person wear- 
ing the bearing aid. Hearing devices of this type are 
however limited to hearing disfunctions where there is 
no damage to the auditory nerve or to the auditory 
cortex. In the prior art, if there is damage to the audi- 
tory cortex or the auditory nerve, it cannot be corrected 
by the use of a hearing aid. 

During World War II. individuals in the radiation 
path of certain radar installations observed clicks and 
buzzing sounds in response to the microwave radiation. 
It was through this early observation that it became 
known to the art that microwaves could cause a direct 
perception of sound within a human brain. These buzz- 
ing or clicking sounds however were not meaningful. 
and were not perception of sounds which could other- 
wise be heard by the receiver. This type of microwave 
radiation was not representative of any intelligible 
sound to be perceived. In such radar installations, there 
was never a sound which was generated which resulted 
in subsequent generation oí microwave signals repre- 
sentative of that sound. 

Since the early perception of buzzing and clicking, 
further research has been conducted into the micro- 
wave reaction of the brain. [n an article entitled "Possi- 
ble Microwave Mechanisms of the Mammalian Ner- 
vous System" by Philip L. Stocklin and Brain F. Stoc- 
Klin, published in the TIT Journal of Life Sciences, 
Tower International Technomedical Institute, Inc. P.O. 
Вох 4594, Philadeiphia, Pa. (1979) there is disclosed a 
hypothesis that the mammaiian brain generates and uses 
electro magnetic waves in the lower microwave fre- 
quency region as an integral part of the functioning of 
the central and peripheral nervous systems. This analy- 
sis is based primarily upon the potential energy of a 
protein integral in the neural membrane. 

In an article by W. Bise entitled "Low Power Radio- 
Frequency and Microwave Effects On Human Electro- 
encephalogram and Behavior", Physiol. Chemistry 
Phys. 10. 387 (1978), it is reported that there are signiii- 
cant effects upon the alert human EEG during radiauon 
by low intensity CW microwave electromagnetic en- 
ergy. Bise observed significant repeatable EEG effec: 
for a subject during radiation at specific microwave 
frequencies. 


SUMMARY OF THE INVENTION 


Results of theoretical analysis of the physics of brain 
tissue and the orain/skull cavity, combined with expen- 
mentally-determined electromagnetic properties оѓ 
mammalian brain tissue. indicate the physical necessity 
for the existence of electromagnetic standing waves, 
called modes in the living mammalian brain. "ће mode 
Characteristics may be determined by two geometric 
properties of the brain: these are the cephalic index of 
the Drain (its shape in prolate spheroidal coordinates) 
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4 
and the serzifocal distance of the brain (a measure of its 
size). It was concluded that estimation of brain cephalic 
index and semifocal distance using externa! skull mea- 
surements on subjects permits estimation of the subject's 
characteristic mode frequencies. which in tum wiil 
permit a mode by mode treatment of the data to simu- 
late hearing. 

This invention provides for sound perception by indi- 
viduals who have impaired hearing resulting from ear 
damage. auditory nerve damage. and damage to the 
auditory cortex. This invention provides for simulation 
of microwave radiation which is normally produced by 
the auditory cortex. The simulated brain waves are 
introduced into the region of the auditory cortex and 
provide for perceived sounds on the part of the subject. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 shows the acoustic filter bank and mode con- 
trol matrix portions of the hearing device of this inven- 
tion. 

FIG. 2 shows the microwave generation and antenna 
portion of the hearing device of this invention. 

FIG. 3 shows a typical voltage divider network 
which may be used to provide mode partition. 

FIG. 4 shows another voltage divider device which 
may be used to provide mcde partition. 

FIG. 5 shows a voltage divider to be used as a mode 
partition wherein each of the resistors is variable in 
order to provide adjustment of the voltage cutputs. 

FIG. 6 shows a modified hearing device which in- 
cludes adjustable mode partitioning, and which is used 
to provide initial calibration of the hearing device. 

FIG. 7 shows a group of variable oscillators and 
variable gain controis which are used to determine 
hearing characteristics of a particular subject. 

FIG. 8 shows a top view of a human skull showing 
the lateral dimension. 

FIG. 9 shows the relationship of the prolate spherical 
coordinate system to the cartesian system. 

FIG. 10 shows a side view of a skull snowing the 
medial plane of the head. section A—A. 

FIG. 11 shows a plot of the transverse electric field 
amplitude versus primary mode number M. 

FIG. 12 shows a left side view of the brain and audi- 
tory cortex. 

FIG. 13 shows the total modal field versus angle for 
source location. 


DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 


This invention is based upon observations of the 
physical mechanism the mammalian brain uses to per- 
ceive acoustic vibrations. This observation is based in 
part upon neuro anatomical and other exrenmental 
evidence which relates to microwave brain stimulation 
and the perception oí sounds. 

It is has been observed that monochromatic acoustic 
stimuli (acoustic tones. or single tones) of different fre- 
quencies uniquely stimulate different regions of the 
cochlea. It has also been observed that there is 3 corre- 
sponding one to one relationship between the frequency 
of a monochromatic acoustic stimulus and the region of 
the auditory cortex neuraily stimulated by the cochlear 
nerve under the physiologically normal conditions 
(tonotopicity). 

It is has been observed that for an acoustic tone of a 
frequency which is at the lower end of the entire acous- 
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tical range perceivable by a person. that a thin lateral 
region ("Line") parailel to the medial axis of the brain 
and toward the inferior portion of the primary auditory 
cortex is stimulated. For an acoustic tone whose fre- 
quency is toward the high end of the entire perceivabie 
acoustic range, а thin lateral region parallel to the me- 
dial axis and toward the superior portion of the primary 
auditory cortex is stimulated. 

Neural stimulation results in the generation of a broad 
band of microwave photons by the change in rotational 
energy state of protons integral to the neuron mem- 
brane of the auditory cortex. The physical size and 
shape of the brain/skull cavity, together with the (semi- 
conductor) properties (conductivity and dielectric con- 
stant) of the brain tissue provide an electromagnetic 
resonant cavity. Specific single frequencies are con- 
structively reinforced so that a number of standing 
electromagnetic waves, each at its own single electro- 


magnetic frequency in the microwave frequency re- 


gion, are generated in the brain. Each such standing 
electromagnetic wave is called a characteristic mode of 
the brain/skull cavity. 

Analysis in terms of prolate spheroidal wave func- 


tions indicates that transverse electric field components у 


of these modes have maxima in the region of the audi- 
tory cortex. This analysis further shows that transverse 
electric field possess a variation of amplitude with angle 
in the angular plane (along the vertical dimension oí the 
auditory cortex) and that is dependent only upon the 
primary mode number. 

The auditory cortex in the normally functioning 
mammalian brain is a source of microwave modes. The 
auditory cortex generates these modes in accordance 
with the neural stimulation of the auditory cortex by the 
cochlear nerve. Mode weighting for any one acoustic 
tone stimulus is given by the amplitude of each mode 
along the line region of the auditory cortex which is 
neurally stimulated by that acoustic tone stimulus. А 
listing of mode weighting versus frequency of acoustic 
stimulus is called the mode matrix. 

In this invention, the functions of the ear, the coch- 
lear nerve, and the auditory cortex are simulated. Mi- 
Crowaves simulating the mode matrix are inserted di- 
rectly into the region of the auditory cortex. By this 
insertion of simulated microwave modes, the normal 
Operation of the entire natural hearing mechanism is 
simulated. 

Referring now to FIG. 1 and FIG. 2 there is shown 
an apparatus which provides for induced perception of 
sound into a mammalian brain. This hearing device 
includes a microphone 10 which receives sounds. an 
acoustic filter bank 12 which separates the si gnals from 
the microphone into component frequencies, and a 
mode control matrix 14 which generates the mode sig- 
nals which are used to control the intensity of micro- 
wave radiations which are injected into the skull cavity 
in the region of the auditory cortex. 

The acoustic filter bank 12 consists of a bank of 
acoustic filters F1 through Fk which span the audibie 
acoustic spectrum. These filters may be built from stan- 
dard resistance, inductance, and capacitance compo- 
nents in accordance with well established practice. In 
the preferred. embodiment there are 24 filters which 
correspond to the observed critical bandwidths of the 
human ear. In this preferred embodiment a typical Her АҒ 
filter parameters is given by Table 1 below: 
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TABLEI 
Filter No. Center Frequency iH; Sanewicin Hi 
I E less :nan 109 
° 150 100 
i 250 ioc 
+ 250 100 
5 350 110 
6 SH 120 
7 700 но 
š 840 150 
9 1,000 160 
10 1.170 190 
11 1.37 210 
12 1.600 140 
13 1,850 230 
14 2.150 220 
15 2,500 330 
16 2.900 450 
17 3.400 550 
18 4.000 7i 
19 4.800 900 
20 5.800 1.100 
21 7.000 1.300 
22 2.500 1,500 
23 10,500 2.200 
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The rectifier outputs one through K are (ега to К 
mode partition devices. The mode partitioning devices 
each have N outputs wherein М is the number of micz 
wave oscillators used to generate the microwave radi, 
поп. The outputs 1 through N of each mode partition 
device is applied respectively to the inputs of each gain 
controlled amplifier of the microwave radiation genera- 
tor. The function of the mode control matrix 14 is the 
control of the microwave amplifiers in the microwave 
amplifier bank 18. In the preferred embodiment ‘низ 
will be 24 outputs and 24 microwave frequency osciila- 
tors. 

Connected to each microwave amplifier gain control 
line is a mode simulation device 16 which receives 
weighted mode signals from the mode Partition devices 
14. Each mode simulation device consists of one 
through К lines and diodes 17 which are each connected 
to summing junction 19. The diodes 17 provide for 
isolation from one mode partition device to the next. 
The diodes 17 prevent signals from one mode partition 
device from returning to the other mode partition de- 
vices which are also connected to the same summing 
junction of the mode summation device 16. The diodes 
also serve a second function which is the rectification of 
the signals received from the acoustic filter bank bv 
way of the mode partition devices. In this way each 
mode partition device output is rectified to produce 3 
varying DC voltage with major frequency components 
of the order of 15 milliseconds or less. The voltage at 
the summation junction 19 is thus a slowly varying DC 
voltage. 

The exampie mode partition devices are shown in 
greater detail in FIGS. 3, 4, and 5. The mode parution 
devices are merely resistance networks which produce 
1 through М ourput voltages which are predetermined 
divisions of the input signal from the acoustic ñiter 
associated with the mode partition device. FIG. 3 
shows 1 mode partitioning device wherein several ош- 
puts are associated with each series resistor 30. In the 
embodiment depicted in FIG. 4 there is an Output asso- 
ciated with each series resistor only, and thus there аге 
N series resistors, or the same number of series resistors 
as there are outputs. The values of the resistors in the 
mode partition resistor network are determined in ac- 
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cordance with the magnitudes of the frequency compo- 
nent from the acoustic filter bank 12 which is required 
at the summation potnt 19 or the gain control line for 
amplifiers 20. 

The microwave amplifier bank 18 consists of a plural- 
ity of microwave oscillators 1 through N each of which 
is connected to an amplifier 20. Since the amplifiers 20 
are gain controlled by the signals at summation junction 
19, the magnitude of the microwave output is con- 
trolled by the mode control matrix outputs F1 through 
Fa. In the preferred embodiment there are 24 amplifiers. 

The leads from the microwave oscillators 1 through 
N to the amplifiers 20 are shielded to prevent cross talk 
from one oscillator to the next, and to prevent stray 
signals from reaching the user of the hearing device. 
The output impedance of amplifiers 20 should be 1000 
ohms and this is indicated by resistor 21. The outputs of 
amplifiers 20 are all connected to a summing junction 
22. The summing junction 22 is connected to a summing 
impedance 23 which is approximately 50 ohms. The 
relatively high amplifier output impedance 21 as com- 
pared to the relatively low summing impedance 23 
provides minimization of cross talk between the amplifi- 
ers. Since the ampiitude of the microwave signal needed 
at the antenna 24 is relatively small, there is no need to 
match the antenna and summing junction impedances to 
the amplifier 20 output impedances. Efficiency of the 
amplifiers 20 is not critical. 

Level control of the signal at antenna 24 is controlled 
by pick off 25 which is connected to the summing impe- 
dance 23. In this manner, the signal at antenna 24 can be 
varied from 0 (ground) to a value which is acceptable to 
the individual. 

The antenna 24 is placed next to ше subject's head 
and in the region of the subject's auditory cortex 26. By 
placement of the antenna 24 in the region of the audi- 
tory cortex 26, the microwave field which is generated 
simulates the microwave field which would be gener- 
ated if the acoustic sounds were perceived with normal 
hearing and the auditory cortex was functioning nor- 
шаћу. 

In FIG. 2A there is shown a second embodiment of 
the microwave radiation and generator portion of the 
hearing device. In this embodiment a broad band micro- 
wave source 50 generates microwave signals which are 
feed to filters 52 through 58 which select from the broad 
band radiation particular frequencies to be transmitted 
to the person. As in FIG. 2, the amplifiers 20 receive 
signals on lines 19 from the mode control matrix. The 
signals оп lines 19 provide the gain control for amplifi- 
ers 20. 

In FIG. 6 there is shown a modified microwave hear- 
ing generator 60 which includes a mode partition resis- 
tor divider network as depicted in FIG. 5. Each of the 
mode partition voltage divider networks in this embodi- 
ment are individually adjustable for all of the resistances 
in the resistance network. FIG. 5 depicts a voltage 
division system wherein adjustment of the voltage parti- 
tion resistors is provided for. 

In FIG. 6, the sound source 62 generates audible 
sounds which are received by the microphone of the 
microwave hearing generator 60. In accordance with 
the operation described with respect to FIGS. 1 and 2, 
microwave signals are generated at the antenna 10 in 
accordance with the redistribution provided by the 
mode control matrix as set forth in FIG. 5. 

The sound source 62 also produces a signal on line 64 
which is received by a head phone 66. The apparatus 
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6 
depicted in FIG. 6 is used to calibrate or fit a лиссо- 
wave hearing generator to a particular individual. Once 


‘the hearing generator is adjusted to the particular indi- 


vidual by adjustment of the variable resistors in the 


tor, a second generator may be built using fixed value 
resistors in accordance with the adjusted values 
achieved in fitting the device to the particular subjec:. 
The sound produced by headphone 66 should be the 
same as a sound from the sound source 62 which is 
received by the microphone 10 in the microwave hear- 
ing generator 60. In this way, the subject can make 
comparisons between the perceived sound from the 
hearing generator 60, and the sound which is heard 
from headphone 66. Sound source 62 also produces а 
signal on 68 which is feed to cue light 69. Cue light 69 
comes on whenever a sound is emitted from sound 
source 62 to the microwave generator 60. In this man- 
ner, if the subject hears nothing, he will still be informed 
that a sound has been omitted and hence that he is in- 
deed perceiving no sound from the microwave heanag 
generator 60. 

In FIG. 7 there is shown a modified microwave hear- 
ing generator which may be used to determine a sub- 
ject's microwave mode frequencies. In this device. the 
acoustic filter bank and the mode control matrix have 
been removed and replaced by voltage level! signai 
generated by potentiometers 70. Also included are a 
plurality of variable frequency oscillators 72 which feed 
microwave amplifiers 74 which are gain controiled 
from the signal generated by potentiometers 70 and pick 
off arm 76. 

This modified microwave hearing generator is used 
to provide signals using one oscillator at a ume. When 
an oscillator is turned оп. the frequency is varied about 
the estimated value until a maximum acoustic percep- 
tion by the subject is perceived. This perception how- 
ever may consist of a buzzing or hissing sound rather 
than а tone because only one microwave frequency is 
being received. The first test of perception is to deter- 
mine the subject's lowest modal frequency for audition 
(М =1). Once this modal frequency is obtained. the 
process is repeated for several higher modal frequenc:es 
and continued until no maximum acoustic регсерисп 
Occurs. : 

Another method of determination of 3 subjects 
modal frequencies is through anatomical estimat:on. 
This procedure із by measurement of the subject's ce- 
phalic index and the lateral dimensions oí the skull. In 
this method, the shape is determined in prolate spheror- 
dal coordinance. 

Purely anatomical estimation of subject's modal ire- 
quencies is performed by first measuring the maximum 
lateral dimension (breadth) L FIG. 8. of the subject's 
head together with the maximum dimension D (antenor 
to posterior) in the medial plane of the subjects head. D 
is the distance along Z axis as shown in FIG. 10. The 
ratio L/D, called in anthropology the cephalic index. is 
monotonically related to the boundary value £, defining 
the ellipsoidal surface approximating the interface te- 
tween the brain and the skull in the prolate spheroidal 
coordinate system. £, defines the shape of this interface: 
бо and D together give an estimate of a. the semi-focai 
distance of the defining ellipsoid. Using $o and 1. to- 
gether with known values of the conductivity ana di- 
electric constants of brain tissue, those wavelengths are 
frend ° which the radial component of the гјес:ле 

3s the boundary condition that it is zero at £j. 
— 


\ > 


+ 
These wavelengths are the wavelengths associated with 
the standing waves or modes; the corresponding fre- 
quencies are found by dividing the phase velocity of 
microwaves in brain tissue by each of the wavelengths. 

А subject's microwave modal frequencies may also 
be determined by observing the effect of external micro- 
wave radiation upon the EEG. The frequency of the M 
equal 1 mode may then be used as а base point to esti- 
mate all other modal frequencies. 

А typical example of such an estimation is where the 
subject is laterally irradiated with a monochromatic 
microwave field simultaneous with EEG measurement 
and the microwave frequency altered until a significant 
change occurs in the EEG, the lowest such frequency 
causing a significant EEG change is found. This is iden- 
tified as the frequency of the М=1 mode, the lowest 
mode of importance in auditory perception. The purely 
anatomical estimation procedure (FIGS. 8. 9, 10) is then 
performed and the ratio of each modal frequency to the 
M =1 modal frequency obtained. These ratios together 
with the experimentally-determined М=! frequency 
are then used to estimate the frequencies of the mode 
numbers higher than 1. The prolate spheroidal coordi- 
nate system is shown in FIG. 9. Along the lateral plane 
containing the x and y coordinates oí FIG. 9, the pro- 
late spheroidal coordinate variable ó (angle) lies FIGS. 
9 and 10. Plots of the transverse electric field amplitude 
versus primary mode number m are shown in FIG. 11. 
The equation is 


Evransvendin, Ф) == Бо sin(m Ф) ^ 


The "elevation view" FIG. 12, of the brain from the left 
Side, shows the primary auditory сопех 10. The iso- 
tone lines and the high frequency region are toward the 
top of 100 and the low frequency region toward the 
bottom of 100. 

The formula 1, set forth below is the formula for 
combining modes from an iso-tone line at ф=ф] being 
excited to obtain the total modal field at some other 
angular location ó. For this formula. if we let J = 1 (just 
one iso-tone single frequency acoustic stimulus line), 
then it can be shown that ALL modes (in general) must 
be used for anv ONE tone. 


FORMULA I 
RMS TRANSVERSE ELECTRIC 
FIELD IN ANGULAR PLANE, ЛО) 


i.i 
М 7 

ДО) = [ i (sumo. А] ) | 
т=! j=l 


®=ANGLE (0° LATERAL) 

©, = LOCATION OF j-TH SOURCE (TOTAL NUMBER л 

Adm = ATTENUATION LENGTH (IN ANGLE) OF m-TH MODE 
m=PRIMARY MODE NUMBER (HIGHEST MODE M) 


FIG. 13 shows the resulting total modal field versus 
angle for source location û at 5.29, 12.57, etc. With 
reference to the set of curves at the left top of this fig- 
ure. А spacing of approximately 7.257 іп ф corresponds 
to a tonal difference of about | octave. This conclusion 
is based оп the side-lobes of pattem coming from 
Ф=5.25°, etc. The total filed (value оп y-axis) falls con- 
siderably below the top curves for source locations well 
below 5.25" (toward the high acoustic stimulus end) and 
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also as the source of frequency goes well above 30° (low 
frequency end). ф is plotted positive downward from 0° 
at lateral location as indicates in FIG. 11. 

Resistor weightings are obtained from the isin 
(m[ó—6j])], Formula І. The scaie between acoustic 
frequency and ф must be set or estimated from ехреп- 
ment. Approximately 5.25=1° corresponds to а tonal 
stimulus at about 2 kHz (the most sensitive region of the 
ear) since this source location gives the highest electric 
field amplitude. 

The apparatus of FIG. 7 may also be used to deter- 
mine values for a hearing device which are required for 
a particular subject. Once the modal frequencies have 
been estimated, the device of FIG. 7 which includes 
variable microwave oscillators may be used to deter- 
mine values for the oscillators which match the subject. 
and to determine resistance values associated with the 
mode partition devices of the mode control matrix. 

In FIG. 7 manual control of the amplifier gain is 
achieved by potentiometers 76. In this manner the am- 
plifier gains are varied about the estimated settings foc 
an acoustic tone stimulus in the region of two thousand 
Hertz (2 kHz) until maximum acoustic perception and a 
purest tone are achieved together. The term purest tone 
may also be described as the most pleasing acoustic 
perception by the subject. This process may be repeated 
at selected frequencies above and below 2 kHz. The 
selected frequencies correspond to regions of other 
acoustic filter center frequencies of the subject. When 
modal frequency (oscillator frequency) and gain set 
values (setting a potentiometer 76) are noted, it is then 
possible to calculate fixed oscillator frequencies and 
control resistor values for the adjusted heanng device 
for this particular subject. 

In the event the subject has no prior acoustic experi- 
ence, that is deaf from birth, estimated resistor values 
must be used. Also, a complex acoustic stimulation test 
including language articulation and pairs of harmoni- 
cally related tones may be developed to maximize the 
match of the hearing device parameters Гог those of this 
particular subject. 

Typical components for use in this invention inciude 
commercially available high fidelity microphones 
which have a range of 50 Hz to 15 kHz with plus or 
minus 3 dB variation. 

The audio filters to be used with the acoustic filter 
bank 12 are constructed in a conventional manner, and 
have Q values of about 6. The filters may also be de- 
signed with 3 dB down points (1 the bandwidth away 
from the center frequency) occurring at adjacent center 
frequency locations. 

The diodes 17 in the mode control matrix which 
provide isolation between the mode partition circuits 
are commercially available diodes in the audio range. 

The microwave oscillators 1 through N and the mi- 
crowave amplifiers 20 are constructed with available 
microwave transistors which can be configured either 
as oscillators or amplifiers. Examples of the transistors 
are GaAsFET field effect transistors by Hewlitt Pack- 
ard known as the HFET series or silicone bipolar iran- 
sistors by Hewlitt Packard known as the HXTR series. 

All the cable between the oscillators, the microwave 
amplifiers, and the antenna should be constructed with 
either single or double shielded coaxial cable. 

The antenna 24 for directing microwave signals to 
the audio cortex 26 should be approximately the size of 
the auditory cortex. A typical size would be one and 
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one half СМ high and one half то one CM wide. The 
antenna as shown :5 located over the left auditory сог- 
tex. but the right may also be used. Since the сһагассег- 
istic impedance of the brain tissue at these microwave 
frequencies is close to £0 ohms, eizicient transmission by 
commercially available standard 50 ohm coax is possi- 
ble. 
The invention has been described in reference to the 
preferred embodiments. It is, however, to be under- 
stood that other advantages. features, and embodiments 
may be within the scope oí this invention as defined in 
the appended claims. 
What is claimed is: 
1. A sound perception device for providing induced 
perception of sound into a mammalian brain comprising 
in cornbination: 
means for generating microwave radiation which is 
representative of a sound to be perceived. said 
means for generating including means for generat- 
ing a simultaneous plurality of microwave radia- 
tion frequencies and means for adjusting the ampl- 
tude of said microwave radiauon frequencies in 
accordance with the sound :о be perceived; and 

antenna means located in the region of the auditory 
cortex of said mammalian brain for transmitting 
said microwave energy into the auditory cortex 
region of said brain. 

2. А hearing device for perception of sounds compris- 
!ag in combination: 

means for generating а signal representative of 

sounds; 

means for analyzing said signal representative of said 

sounds having an output; 

means for generating a piurality of microwave signals 

having different frequencies having a input con- 
nected to said output of said means for analyzing 
said signals, having an output; 

means for applying said plurality of microwave sig- 

nals to the head of a subject, and 

whereby the subject perceives sounds which аге rep- 

resentative of said sounds. 

3. The apparatus in accordance with claim 2 wherein 
said means for generating a signal is a microphone for 
detecting sound waves. 

4. The apparatus in accordance with claim 2 wherein 
said means for applying said plurality of microwave 
signals is an antenna. 

5. The apparatus in accordance with claim 4 wherein 
said antenna is placed in the region of the auditory 
cortex of the subject. 

6. The apparatus in accordance with claim 2 wherein 
the subject is a human being. 

7. The apparatus in accordance with claim 2 wherein 
said means for analyzing said чета! comprises: 

an acoustic filter bank for dividing said sounds into a 

plurality of component frequencies; and 

a mode control matrix means for providing control 

signals which are weighted in accordance with said 
plurality of component frequencies, having an out- 
put connected to said means for generating a plu- 
tality of microwave signal inputs. 

8. The apparatus in accordance with claim 7 wherein 
said acoustic filter bank includes a plurality of audio 
frequency filters. 

9. The apparatus in accordance with claim 8 wherein 
said audio frequency filters provide a plurality of output 
frequencies having amplitudes which are a function of 
said signal representative of sounds. 
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10. The apparatus in accordance with claim 9 
wherein said amplitudes are the weighted in accordance 
with transform function of the signal representative of 
sounds. 

11. The apparatus in accordance with claim 7 
wherein said mode control matrix device includes a 
voltage divider connected to each of said plurality of 
said audio frequency filters. 

12. The apparatus in accordance with ciaim 11 
wherein each of said voltage dividers has a plurality of 
outputs which are connected in circuit to said means for 
generating а plurality of microwave signals. 

13. The apparatus in accordance with claim 2 
wherein said means for generating a plurality of micro- 
wave signals comprises a plurality of microwave gener- 
ators each having a different frequency and means for 
controlling the output amplitude of each of said genera- 
tors. 

14. The apparatus in accordance with claims 2 
wherein said means for generating a plurality of micro- 
wave signals comprises a broad band microwave source 
and а plurality of filters. 

15. The apparatus in accordance with claim 13 
wherein said generators each comprise a microwave 
signal source and a gain controlled microwave ampii- 
fier. 

16. The apparatus in accordance with claim 13 
wherein said means for analyzing output is coanected to 
said means for controlling microwave amolifier output 
amplitudes. 

17. The apparatus in accordance with claim 13 
wherein analyzing includes K audio frequency filters. 

18. The apparatus in accordance with claim 17 
wherein there are N microwave generators. 

19. The apparatus in accordance with claim 18 in- 
cluding a mode partitioning means which provides М 
outputs for each of said K audio frequency filters. 

20. The apparatus in accordance with claim 19 
wherein said N amplifiers each have K inputs from said 
mode partitioning means. 

21. The apparatus in accordance with claim 20 
wherein said М amplifiers have K inputs less che mode 
partitioning means outputs which are so smail that they 
may be omitted. 

22. The apparatus in accordance with claim 20 
wherein said mode partitioning output device outputs 
each include a diode connected to each microwave 
amplifier gain control to provide isolation between all 
outputs. 

23. The apparatus in accordance with claim 20 
wherein said K audio frequency filters are chosen to 
correspond to the critical bandwidths of the питал ear. 

24. The apparatus in accordance with claim 20 
wherein said М microwave generators are 2ach adjust- 
able in frequency output. 

25. The apparatus in accordance with claim 18 
wherein the (requency of each N microwave generators 
is determined by anatomical estimation. 

26. The apparatus in accordance with claim 18 
wherein the frequency of the lowest frequency micro- 
wave generator is chosen by determination of the effect 
of external microwave generation on the EEG of the 
subject. 

27. The apparatus in accordance with claim 18 
wherein the frequency of each of said N microwave 
generators corresponds to the subject’s microwave 
modal frequencies. 
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11 
28. The apparatus in accordance with саит 27 
wherein the subject’s modal frequencies are determined 
by measurement of the subject's cephalic index and the 
lateral dimensions of the skull. 
29. The apparatus in accordance with claim 28 
wherein the subject's lowest modal frequency 15 derer- 
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12 
mined by varying the frequency of the lowest frequency 
microwave generator about the estimated value until 2 
maximum acoustic perception is obtained by the sub- 
јест. 
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(57) ABSTRACT 


Apparatus for and method of sensing brain waves at a 
position remote from a subject whereby electromag- 
netic signals of different frequencies are simulta- 
neously transmitted to the brain of the subject in 
which the signals interfere with one another to yield a 
waveform which is modulated by the subject's brain 
waves. The interference waveform which is represen- 
tative of the brain wave activity is re-transmitted by 
the brain to a receiver where it is demodulated and 
amplified. The demodulated waveform is then dis- 
played for visual viewing and routed to a computer for 
further processing and analysis. The demodulated 
waveform also can be used to produce a compensating 
signal which is transmitted back to the brain to effect 
a desired change in electrical activity therein. 


11 Claims, 2 Drawing Figures 
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APPARATUS AND METHOD FOR REMOTELY 
MONITORING AND ALTERING BRAIN WAVES 


BACKGROUND OF THE INVENTION 


Medical science has found brain waves to be a useful 
barometer of organic functions. Measurements of elec- 
trical activity in the brain have been instrumental in 
detecting physical and psychic disorder, measuring 
stress, determining sleep patterns, and monitoring body 
metabolism. 

The present art for measurement of brain waves em- 
ploys electroencephalographs including probes with 
sensors which are attached to the skull of the subject 
under study at points proximate to the regions of the 
brain being monitored. Electrical contact between the 
sensors and apparatus employed to process the de- 
tected brain waves is maintained by a plurality of wires 
extending from the sensors to the apparatus. The ne- 
cessity for physically attaching the measuring appara- 
tus to the subject imposes several limitations on the 
measurement process. The subject may experience 
discomfort, particulary if the measurements are to be 
made over extended periods of time. His bodily move- 
ments are restricted and he is generally confined to the 
immediate vicinity of the measuring apparatus. Fur- 
thermore. measurements cannot be made while the 
subject is conscious without his awareness. The com- 
prehensiveness of the measurements is also limited 
since the finite number of probes employed to monitor 
local regions of brain wave activity do not permit ob- 
servation of the total brain wave profile in a single test. 


SUMMARY OF THE INVENTION 


The present invention relates to apparatus and a 
method for monitoring brain waves whercin all compo- 
nents of the apparatus employed are remote from the 
test subject. More specifically, high frequency trans- 
mitters аге operated to radiate elcctromagnetic energy 
of different frequencies through antennas which are 
capable of scanning the entire brain of the test subject 
ог any desired region thereof. The signals of different 
frcquencies penctrate the skull of the subject and im- 
pinge upon the brain where they mix to yield an inter- 
ference wave modulated by radiations from the brain's 
natural electrical activity. The modulated interference 
wave is re-transmitted by the brain and reccived by un 
antenna at a remote station where it is demodulated, 
and processed to provide a profile of the Suject’s brain 
wavcs. [n addition to passively monitoring his brain 
waves, the subject's neurological processes may be 
affected by transmitting to his brain, through a trans- 
mitter, compensating signals. The latter signals can be 
derived from the received and processed brain waves. 


OBJECTS OF THE INVENTION 


It is therefore an object of the invention to remotely 
monitor electrical activity in the entire brain or se- 
lected local regions thereof with a single measurement. 

Another object is the monitoring of a subject's brain 
wave activity through transmission and reccption of 
electromagnctic waves. 

Still another object is to monitor brain wave activity 
from a position remote from the subject. 

A further object is to provide a method and appara- 
tus for affecting brain wave activity by transmitting 
electromagnetic signals thereto. 


2 
DESCRIPTION OF THE DRAWINGS 


Other and further abjects of the invention will appear 

from the following description and the accompanying 

5 drawings, which form part of the instant specification 

and which are to be read in conjunction therewith, and 

in which like reference numerals are uscd to indicate 
like parts in the various views; 

FIG. 1 is a block diagram showing the interconnec- 


10 tion of the components of the apparatus of the inven- 


tion; 
FIG. 2 is a block diagram showing signal flow in one 
embodiment of the apparatus. 


15 DESCRIPTION OF THE PREFERRED 


EMBODIMENT 


Referring to the drawings, specifically FIG. 1, a high 
frequency transmitter 2 produces and supplies two 
electromagnetic wave signals through suitable coupling 


20 means 14 to an antenna 4. The signals arc directed by 


the antenna 4 to the skull 6 of the subject 8 being exam- 
ined. The two signals from the antenna 4, which travel 
independently, penetrate the skull 6 and impinge upon 
the tissue of the brain 10. 


25 Within the tissue of the brain 10, the signals combine, 


much in the manner of a conventional mixing process 
technique, with each section of the brain having a dif- 
ferent modulating action. The resulting wavcform of 
the two signals has its greatest amplitude when the two 


30 signals arc in phase and thus rcinforcing one another. 


When the signals are exactly 180° out of phase the 
combination produces a resultant waveform of mini- 
mum amplitude. If the amplitudes of the two signals 
transmitted to the subject arc’ maintained at identical 


35 levels, the resultant interference waveform, absent 


influences of external radiation, тау be expected 10 
assume zero intensity when maximum intcrference 
occurs, the number of such points being equal to the 
difference in frequencies of the incident signals. How- 


40 ever, interference by radiation from electrical activity 


within the brain 10 causes the waveform resulting Гот 
interference of the two transmitted signals to vary from 
the expected result, i.e., the interference waveform is 
modulated by the brain waves. It is believed that this is 


45 duc to the fact that brain waves producc electric 


charges each of which has a component of electromag- 
netic radiation associated with it. Thc electromagnetic 
radiation produced by the brain waves in turn reacts 
with the signals transmitted to the brain from the exter- 


50 nal source. 


The modulated interference waveform is rc-transmit- 
ted from the brain 10, back through the skull 6. А 
quantity of energy is re-transmitted sulticicnt to enable 
it to be picked up by the antenna 4. This can be con- 


55 trolled, within limits, by adjusting the absolute and 


relative intensities of the signals, originally transmitted 
to the brain. Of course, the level of the transmitted 
energy should be kept below that which may be harm- 
ful to the subject. 


60 Тһе antenna passes the received signal tu a receiver 


12 through the antenna electronics 14. Within the re- 
ceiver the wave is amplified by conventional ВЕ umpli- 
fiers 16 and demodulated by conventional detector and 
modulator electronics 18. The demodulated wave, гер- 


65 resenting thc intra-brain electrical activity, is amplified 


by amplificrs 20 and the resulting information in elcc- 
tronic form is stored in buffer circuitry 22. From the 
buffers 22 the information is fed to a suitable visual 
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3 
display 24, for exampic onc employing a cathode ray 
tubc, light emitting diodes, liquid crystals. or a mechan- 
ical plotter. The information may ulso be channeled to 
a computer 26 for further processing and analysis with 
the output of the computer displayed by heretofore 
mentioned suitable means. 

In addition to channeling its information to display 
devices 24, the computer 26 can also produce signals to 
control an auxiliary transmitter 28. Transmitter 28 is 
used to produce a compensating signal which is trans- 
mitted to the brain 10 of the subject 8 by the antenna 
4. In a preferred embodiment of the invention, the 
compensating signal is derived as a function of the 
received brain wave signals, although it can be pro- 
duced separately. The compensating signals affect elec- 
trical activity within the brain 10. 

Various configurations of suitable apparatus and 
electronic circuitry may be utilized to form the system 
generally shown in FIG. 1 and one of the many possible 
configurations is illustrated in FIG. 2. In the example 
shown therein, two signals, one of 100 MHz and the 
other of 210 MHz are transmitted simultaneously and 
combine in the brain 10 to form a resultant wave of 
frequency equal to the difference in frequencies of the 
incident signals, i.c., 110 MHz. The sum of the two 
incident frequencies is also available, but is discarded 
in subsequent filtering. The 100 MHz signal is obtained 
at the output 37 of an RF power divider 34 into which 
a 100 MHz signal generated by an oscillator 30 is in- 
jected. The oscillator 30 is of a conventional type em- 
ploying either crystals for fixed frequency circuits or a 
tunable circuit set to oscillate at 100 MHz. It can be a 
pulse generator, square wave generator or sinusoidal 
wave gencrator. The RF power divider can be any 
conventional VHF, UHF or SHF frequency range dc- 
vice constructed to provide, at each of three outputs, a 
signal identical in frequency to that applicd to its input. 

The 210 MHz signal is derived from the same 100 
MHz oscillator 30 and RF power divider 34 as the 100 
MHz signal, operating in concert with a frequency 
doubler 36 and 10 MHz oscillator 32. The frequency 
doubler can be any conventional device which provides 
at its output a signal with frequency equal to twice the 
frequency of a signal applied at its input. The 10 MHz 
oscillator can also be of conventional type similar to 
the 100 MHz oscillator herebcfore described. A 100 
MHz signal from the output 39 of the RF power divider 
34 is fed through the frequency doubler 36 and the 
resulting 200 MHz signal is applied to a mixer 40. The 
mixer 40 can be any conventional VHF, UHF or SHF 
frequency range device capable of accepting two input 
signals of differing frequencies and providing two out- 
put signals with frequencies equal to the sum and dif- 
ference in frequencies respectively of the input signals. 
А 10 MHz signal from the oscillator 32 is also applied 
to the mixer 40. The 200 MHz signal from the doubler 
36 and the 10 MHz signal from the oscillator 32 com- 
bine in the mixer 40 to form a signal with a frequency 
of 210 MHz equal to the sum of thc frequencics of the 
200 MHz and 10 MHz signals. 

The 210 MHz signal is one of the signals transmitted 
to the brain 10 of the subject being monitored. In the 
arrangement shown in FIC. 2, an antenna 41 is used to 
transmit the 210 MHz signal and another antenna 43 is 
used to transmit the 100 MHz signal. Of course, a single 
antenna capable of operating at 100 MHz and 210 
MHz frequencies may be uscd to transmit both signals. 
The scan angle, direction and rate may be controlled 
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4 
mechanically, e.g., by a reversing motor, or electroni- 
cally, e.g., by energizing elements in the antenna in 
proper synchronization. Thus, the antenna(s) can be of 
either fixed or rotary conventional types. 

А second 100 MHz signal dcrivcd from output termi- 
nal 37 of the three-way power divider 34 is applied to 
a circulator 38 and emerges therefrom with a desircd 
phase shift. The circulator 38 can be of any conven- 
tional type wherein a signal applied to an input port 
emerges from an output port with an appropriate phase 
shift. The 100 MHz signal is then transmitted to the 
brain 10 of the subject being monitored via the antenna 
43 as the second component of the dual signal trans- 
mission. The antenna 43 can be of conventional typc 
similar to antenna 41 herebefore described. As previ- 
ously noted, these two antennas may be combined in a 
single unit. 

The transmitted 100 and 210 MHz signal compo- 
nents mix within the tissue in the brain 10 and interfere 
with one another yielding a signal of a frequency of 110 
MHz, the difference in frequencies of the two incident 
components, modulated by electromagnetic emissions 
from the brain, i.e., the brain wave activity being moni- 
tored. This modulated 110 MHz signal is radiated into 
space. 

The 110 MHz signal, modulated by brain маме activ- 
ity, is picked up by an antenna 45 and channeled back 
through the circulator 38 where it undergoes an аррго- 
priate phase shift. The circulator 38 isolates thc trans- 
mitted signals from the received signal. Any suitable 
diplexer or duplexer can be uscd. The antenna 45 can 
be of conventional type similar to antennas 41 and 43. 
It can be combined with them in a single unit or it can 
be separate. The received modulated 110 MHz signal is 
then applied to a band pass filter 42, to eliminate unde- 
sirable harmonics and extraneous noise, and the fil- 
tered 110 MHz signal is inserted into a mixer 44 into 
which has also been introduced a component of the 
100 MHz signal from the source 30 distributed by thc 
RF power divider 34. The filter 42 can be any conven- 
tional band pass filter. The mixer 44 may also bc of 
conventional type similar to thc mixer 40 herebefore 
described. 

The 100 MHz and 110 MHz signals combine in the 
mixer 44 to yield a signal of frequency equal to thc 
difference in frequencies of the two component signals, 
i.e.. 10 MHz still modulated by the monitored brain 
wave activity. The 10 MHz signal is amplified in an IF 
amplifier 46 and channcled to a demodulator 48. The 
IF amplifier and demodulator 48 can both be of con- 
ventional types. The турс of demodulator selected will 
depend on the characteristics of the signals transmitted 
to and reccived from the brain, and thc information 
desired to be obtained. The brain may modulate the 
amplitude, frequency and/or phasc of the interference 
waveform. Certain of these parameters will be more 
sensitive to corresponding brain wave charactcristics 
than others. Selection of amplitude, frequency or phase 
demodulation means is governed by the choicc of brain 
wave characteristic to be monitored. If desired, several 
different types of demodulators can be provided and 
used alternately or at the same timc. 

Тће demodulated signal which is representative of 
the monitorcd brain wave activity is passed through 
audio amplificrs 50 a, b. c which may ђе of сопусп- 
tional type where it is amplified and routed to displays 
58 a, b. c and a computer 60. The displays 58 а, b. c 
present the raw brain wave signals from thc amplifiers 
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50 а. b. c. The computer 60 processes the amplified 
brain wave signals to derive information suitable for 
viewing, e.g.. by suppressing. compressing, or expand- 
ing elements thercof. or combining them with other 
information-bcaring signals and presents that informa- 
tion on a display 62. The displays can be conventional 
ones such as the types herebefore mentioned employ- 
ing electronic visual displays or mechanical plotters 
585. The computer can also be of conventional type, 
either analog or digital, or a hybrid. 

A profile of the entire brain wave emission pattern 
may be monitored or select areas of the brain may be 
observed in a single measurement simply by altering 
the scan angle and direction of the antennas. There is 
no physical contact between the subject and the moni- 
toring apparatus. The computer 60 also can determine 
a compensating waveform for transmission to the brain 
10 to alter the natural brain waves in a desired fashion. 
The closed loop compensating system permits instanta- 
ncous and continuous modification of the brain wave 
response pattern. 

In performing the brain wave pattern modification 
function, the computer 60 can be furnished with an 
external standard signal from a source 70 representa- 
tive of brain wave activity associated with a desired 
nuerological response. The region of the brain respon- 
sible for the response is monitored and the received 
signal, indicative of the brain wave activity thercin, is 
compared with the standard signal. The computer 60 is 
Programmed to determine a compensating signal, re- 
sponsive to the difference between the standard signal 
and received signal. The compensating signal, when 
transmitted to the monitored region of the brain, mod- 
ulates the natural brain wave activity thercin toward a 
reproduction of the standard signal, thereby changing 
the neurological response of the subject. 

The computer 60 controls an auxiliary transmitter 64 
which transmits the compensating signal to the brain 10 
of the subject via an antenna 66. The transmitter 64 is 
of the high frequency type commonly used in radar 
applications. The antenna 66 can be similar to antennas 
41, 43 and 45 and can be combined with them. 
Through thesc means, brain wave activity may be al- 
tered and deviations from a desired norm may be com- 
pensated. Brain waves may be monitored and control 
signals transmitted to the brain from a remote station. 

It is to be noted that the configuration described is 
onc of many possibilities which may bc formulated 
without departing from the spirit of my invention. The 
transmittcrs can be monostratic or bistatic. They also 
can be singic. dual, or multiple frequency devices. The 
transmitted signal can be continuous wave, pulsc, ЕМ. 
ог any combination of these as well as other transmis- 
sion forms. Typical operating frequencics for the trans- 
mitters cange from 1 MHz to 40 GHz but may bc al- 
tered to suit the particular function being monitored 
and thc characteristics of thc specific subject. 

The individual components of the system for moni- 
toring and controlling brain wave activity may be of 
conventional type commonly employed in radar sys- 
tems. 

Various subassemblies of the brain wave monitoring 
and control apparatus may be added, substituted or 
combined. Thus, separate antennas or a single multi- 
mode antenna may be used for transmission and recep- 
tion. Additional displays and computers may be added 
to present and analyze select components of the moni- 
tored brain waves. 
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Modulation of the interference signal retransmitted 
by the brain may be of amplitude, frequency and/or 
phase. Appropriate demodulators тау be used to deci- 
pher the subject's brain activity and select components 
of his brain waves may be analyzed by computer to 
determine his mental state and monitor his thought 
processes. . 

As will be appreciated by those familiar with the art, 
apparatus and method of the subject invention has 
numerous uses. Persons in critical positions such as 
drivers and pilots can be continuously monitored with 
provision for activation of an emergency dcvice in the 
event of human failure. Seizures, slecpiness and dream- 
ing can be detected. Bodily functions such as pulse 
rate, heartbeat reqularity and others also can ђе moni- 
tored and occurrences of hallucinations can be de- 
tected. The system also permits medical diagnoses of 
patients, inaccessible to physicians, from remote sta- 
tions. 

What is claimed is: 

I. Brain wave monitoring apparatus comprising 

means for producing a base frequency signal, 

means for producing a first signal having a frequency 

related to that of the base frequency and at a pre- 
determined phasc related thereto, 

means for transmitting both said base frequency and 

said first signals to the brain of the subject being 
monitored, 

means for recciving a second signal transmitted by 

the brain of thc subject being monitored in re- 
sponse to both said base frequencv and said first 
signals, 

mixing means for producing from said base fre- 

quency signal and said received sccond signal a 
response signal having a frequency related to that 
of thc base frequency. and 

means for interpreting said response signal. 

2. Apparatus as in claim 1 where said recciving 
means comprises 

means for isolating the transmitted signals from the 

received second signals. 

3. Apparatus as in claim 2 further comprising a band 
pass filter with an input connccted to said isolating 
means and an output connected to said mixing means. 

4. Apparatus as in claim 1 further comprising means 
for amplifying said response signal. 

5. Apparatus as in claim 4 further comprising means 
for demodulating said amplificd response signal. 

6. Apparatus as in claim 5 further comprising inter- 
preting means connected to the output of said demodu- 
lator mcans. 

7. Apparatus according to claim I further comprising 

means for producing an electromagnetic wave соп- 

trol signal dependent on said response signal, and 
means for transmitting said control signal to the brain 
of said subject. 

8. Apparatus as in claim 7 wherein said transmitting 
mcans comprises means for directing the electromag- 
netic wave control signal to a predetermined part of the 
brain. 

9. A process for monitoring brain wave activity of a 
subject comprising the steps of 

transmitting at least two electromagnetic energy sig- 

nals of different frequencies to the brain of the 
subject being monitored, 

receiving an electromagnetic energy signal resulting 

from the mixing of said two signals in the brain 
modulated by the brain wave activity and retrans- 
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7 
mitted by the brain in response to said transmitted 
energy signals, and, 

interpreting said reccived signal. 

10. A process as in claim 9 further comprising the 
step of transmitting a further electromagnetic wave 
signal to the brain to vary the brain wave activity. 

11. A process as in claim 10 whercin the step of 
transmitting the further signals comprises 

obtaining a standard signal, 
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comparing said reccived electromagnetic energy sig- 
nals with said standard signal, 

producing a compensating signal corresponding to 
the comparison between said received electrogag- 
netic energy signals and the standard signal, and 

transmitting the compensating signals to the brain of 
the subject being monitorcd. 
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[57] ABSTRACT 

А biomagnetic analytical system for sensing and indi- 
cating minute magnetic fields emanating from the brain 
or from any other tissue region of interest in a subject 
under study. The system includes a magnetic pick-up 
device constituted by an array of fiber-optic magnetic 
Sensors mounted at positions distributed throughout the 
inner confines of a magnetic shield configured to con- 
form generally to the head of the subject or whatever 
other body region is of interest. Each sensor yields a 
light beam whose phase or other parameter is modu- 
lated in accordance with the magnetic field emanating 
from the related site in the region. The modulated beam 
from each sensor is compared in an interferometer with 
a reference light beam to yield an output signal that is a 
function of the magnetic field being emitted at the re- 
lated site. The output signals from the interferometer 
are processed to provide a dispiay or recording exhibit- 
ing the pattern or map of magnetic fields resulting from 
emanations at the multitude of sites encompassed by the 
region. 
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BIOMAGNETIC ANALYTICAL SYSTEM USING 
FIBER-OPTIC MAGNETIC SENSORS 


BACKGROUND OF INVENTION 


1. Field of Invention 

This invention relates generally to biomagnetic ana- 
lytic systems for sensing and indicating minute magnetic 
fields emanating from the brain and other tissue regions 
of the human body, and more particularly to a system 
using fiber-optic magnetic sensor pick-up devices for 
this purpose. 

2. Status of Prior Art 

Biomagnetic fields arise from three principal sources, 
the first being electric currents produced by the move- 
ment of ions. The second source is remanent magnetic 
movement of contaminants, and the third is paramag- 
netic or diamagnetic constituents of the body. 

The first source is of primary significance in human 
brain activity in which the currents creating the mag- 
netic fields result from signals generated by neurons as 
they communicate with each other and with sensory 
organs of the body. The intensity of extracranial mag- 
netic field produced by such currents is extremely min- 
ute, having a strength no more than about a billionth of 
the magnetic field at the earth's surface. It is usually 
measured in terms of tesla (T) or gauss (G), one T being 
equal to 104 G. 

The magnetic field arising from spontaneous brain 
activity (alpha waves) is about опе picotesla 
(IpT—10- 2T) whereas the magnetic field at the 
earth's surface is about 6x 10-5Т. The magnetic field 
emanating from the brain has a strength much below 
that emitted by the heart. Hence monitoring of brain 
magnetic activity presents formidable difficulties. 

A major concern of the present invention is magneto- 
encephalography (also commonly referred to as MEG). 
This is the recording of magnetic fields emanating from 
the brain resulting from neuronal electric currents, as 
distinguished from an electroencephalogram (EEG) in 
which electric potentials originating in the brain are 
recorded. With an EEG measurement, it is difficult to 
extract the three-dimensional distribution of electrically 
active brain sites from potentials developed at the scalp. 
While this difficulty can be overcome by inserting elec- 
trodes through apertures bored in the skull, this invasive 
technique is not feasible in the study of normal brain 
functions or to diagnose functional brain disorders or 
brain dysfunctions. Thus ionic currents associated with 
the production of electrically measurable epileptic sei- 
14:65 generate detectable extracranial magnetic fields. 
and these can be detected externally without invading 
the skull. 

Non-invasive MEG procedures are currently used in 
epilepsy research to detect the magnetic field distribu- 
tion over the surface of the head of a patient with a view 
to localizing the seizure foci and spread patterns. This 
analysis serves as a guide to surgical intervention for the 
control of intractable seizures. (See: "Magnetoenceph- 
alography and Epilepsy Research" —Rose et al.; Scien- 
се--16 Oct. 1987—Volume 238, рр. 329-335.) 

MEG procedures have been considered as a means to 
determine the origin of Parkinson's tremor, to differen- 
tiate at the earliest possible stage Alzheimer's disease 
from other dementias. and to localize the responsible 
cortical lesions in visual defects of neurological origin. 
MEG procedures are also of value in classifying active 
drugs in respect to their effects on specific brain struc- 
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tures, and to in this way predict their pharmaceutical 
efficacy. And with MEG, one can gain a better under- 
standing of the recovery process in head trauma and 
strokes by observing the restoration of neurological 
functions at the affected site. 

But while MEG holds great promise in the above- 
noted clinical and pharmaceutical applications, practi- 
cal considerations, mainly centered on limitations inher- 
ent in magnetic sensors presently available for this pur- 
pose, have to a large degree inhibited these applications. 

The characteristics of biomagnetic activity that are 
measurable are the strength of the fieid, the frequency 
domain and the nature of the field pattern outside of the 
body. [n magnetoencephalography, measurement of all 
three of these components are important. Ideally, simul- 
taneous measurement of three orthogonal components 
of the magnetic field provides a complete description of 
the field as a function of space and time. Coincident 
measurement of the magnetic field along the surface of 
the skull can provide a magnetic field map of the сопі- 
cal and subcortical magnetic activity. With spontaneous 
activity, the brain emits magnetic fields of about 10-8 to 
10-9 Gauss, compared with approximately 10-6 Gauss 
emitted by the heart. Thus, monitoring of the brain's 
magnetic activity places heavy demand upon the re- 
quired hardware. 

In brain activity, the current dipole or source is gen- 
erated by the current flow associated within a neuron or 
group of neurons. Volume current is analogous to the 
extracellular component of the current source. In 
MEG, the net magnetic field measured depends on the 
magnetic field generated by the current dipole itself. 
The contribution from volume conduction is small in 
which approximations to spherical symmetry are made. 
However, there are tangential magnetic components 
originating from secondary sources representing pertur- 
bations of the pattern by the volume current at bound- 
aries between regions of different conductivity. Contri- 
butions from these secondary sources to the tangential 
component of the field become relatively more pro- 
nounced with distance from the current dipole. But 
there is no interference from these secondary sources 
when measurement is confined to the magnetic fields 
perpendicular to the skull. 

In biomagnetic analysis, three types of magnetic sen- 
sors are known to have adequate sensitivy and discrimi- 
nation against ambient noise for this purpose. (See: 
"Magnetcencephalography"—Sato et al.—Journal of 
Clinical Neurophysiology—Vol. 2. No. 2—1985.) The 
first is che induction coil. But because of Nvquist noise 
associated with the resistance of the windings and its 
loss of sensitivity at frequencies below a few Herz, the 
induction coil is rarely used in MEG studies. 

The second is the Fluxgate magnetometer; and while 
this has been used in geophysical studies, it has certain 
drawbacks when used in MEG applications. It is for this 
reason that the third type, the SQUID system. is pres- 
ently used almost exclusively in MEG applications. 

А SQUID (Superconducting QUantum Interference 
Device) comprises a superconducting loop incorporat- 
ing a “weak link" highly sensitive to the magnetic field 
encompassed within the area of the loop. While the loop 
itself can act as a magnetic field sensor, use is made oí a 
detection coil tightly coupled to the superconducting 
loop, the coil acting as a flux transformer. Both the coil 
and the loop are immersed in a bath of liquid helium 
contained within a dewar. а 
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With the advent of so-called high-temperature super- 
conductors operating at liquid nitrogen temperatures. a 
SQUID magnetometer has been developed using such 
superconductors. (See: “The Impact of High Tempera- 
ture Superconductivity on SQUID Magnetometers"— 
Clarke et al.—Science—Vol. 242—14 Oct. 1988.) 

In the booklet published by Biomagnetic Technolo- 
gies, Inc., of San Diego, Calif., entitled “Introduction to 
Magnetoencephalography—A New Window on The 
Brain,” there is disclosed a SQUID-type sensor for 
MEG studies. This SQUID is especially suited to mea- 
sure magnetic fields in the frequency range from DC to 
20 kHz, the magnetic field being converted into a signal 
that is amplified, filtered and displayed for subsequent 
analysis. 

Because the brain's field falls off sharply with dis- 
tance from the head, the dewar for the cryogenic liquid, 
which is inherently bulky, is provided with a tail section 
of reduced diameter to house the pick-up coil and to 
minimize the distance of the coil from the head of the 
patient being studied, thereby maximizing the detected 
field. 

As pointed out in the above-identified booklet, in 
order to produce a contour map of the brain, the mag- 
netic field must be measured simultaneously at a number 
of points outside the head. While it is possible with 
SQUIDS to sample the magnetic field emanating from 
the brain at one to seven points separated laterally from 
each other by several centimeters, a complete mapping 
of the field pattern at a given instant requires forty or 
more pick-up points. [t is proposed, therefore, in the 
booklet to move SQUID sensors from one point to 
another to accumulate the required field data. bu: a 
measurement taken at a point X will not reveal mag- 
netic brain activity taking place concurrently at a point 
Y if one has to physically shift the sensor from point X 
to point У. 

The booklet notes that the ultimate goal of MEG 
measurement is to simultaneously observe all areas of 
the brain to produce real-time activity maps responding 
instantaneously to changes as they occur. However, the 
booklet concedes that this goal has not yet been realized 
with SQUID sensors. 

The present invention attains this goal by means of 
fiber-optic magnetometers (FOM). In a FOM sensor, a 
magnetostrictive alloy is interfaced with an optical fiber 
to produce a magnetometer whose principle of opera- 
tion is based on the transference of strain from the mag- 
netostrictive material to the core of the optical fiber via 
mechanical bonding. This results in modulation of the 
phase or other parameters of the light propagated in the 
fiber which is subsequently detected by a fiber-optic 
interferometer, Integrated fiber-optic magnetometers in 
which all components are fabricated on or around the 
optical fibers are now known. 

FOM sensors of the type currently available are far 
less expensive to manufacture and maintain than 
SQUID sensors; they are considerably more compact, 
and they operate at room temperature. Their sensitivity 
to weak magnetic fields, which can be greater than that 
of a SQUID, renders them suitable for MEG and other 
applications. 

The following publications disclose various forms of 
FOM sensors: 

1. “Single-Mode Fiber-Optic Magnetometer with DC 
Bias Field Stabilization"—Kersey et al.—Journal of 
Lightwave Technology—Vol. LT-3, |'- 4 —Anonst 
1985. 


40 


4 


5 


[^ 


60 


6 


5 


2. "Fiber-Optic Polanmetric DC Magnetometer Uti- 
lizing а Composite Metallic Glass Resonator" —Mer- 
melstein—Journal of Lightwave Technology, Vol. 
1.Т-4, No. 9—September 1986. 

3. "Optical Fiber Sensors Using The Method of Po- 
larization-Rotated — Reflection"—Enokihara et al- 
„—Јошта! of Lightwave Technology—Vol. LT- 
5—No. 11—November 1987. 

4. "An Analysis of A Fiber-Optic Magnetometer 
with Magnetic Feedback"—Koo et al—Journal of 
Lightwave Technology—Vol. LT-5—No. 12--Оесет- 
ber 1987. 

The disclosures of these publications are incorpo- 
rated herein by reference. 


SUMMARY OF INVENTION 


In view of the foregoing, the main object of this in- 
vention is to provide a biomagnetic analytical system 
which includes a pick-up device employing an array of 
fiber-optic magnetic (FOM) sensors for measuring and 
indicating minute magnetic fields emanating from a 
multitude of sites in the brain or in other tissue regions 
of interest in a subject being diagnosed. 

A significant advantage of a fiber-optic magnetic 
sensor (FOM) over a SQUID is that the former is a 
solid-state device that is considerably smaller than the 
latter and requires no cryogenics, thereby making it 
possible to distribute a multitude of the sensors (i.e., in 
excess of forty) around the skull of the patient or about 
any other tissue region of interest to effect more accu- 
rate localization of magnetic activity, as well as a more 
precise determination of the physiological condition of 
the region being studied. 

More particularly, an object of this invention is to 
provide a system of the above type for MEG analysis in 
which the FOM sensors are so distributed in a three-di- 
mensional array as to pick up magnetic fields emanating 
from a multitude of brain sites simultaneously and to 
spatially localize the field signals. 

Also an object of the invention is to provide a 
shielded magnetic pick-up device in which the FOM 
sensors in the array are magnetically shielded from each 
other to prevent magnetic interaction therebetween, as 
well as from magnetic fields extraneous to the region of 
interest, thereby obviating the need for 2 shielded room 
to conduct studies on biomagnetic activity. 

Yet another object of the invention is to provide a 
biomagnetic system in which the outputs of the FOM 
Sensors in the array are multiplexed. whereby a com- 
mon interferometer can be used for the multitude of 
sensors in the array thereof. 

Briefly stated, these objects are attained in a biomag- 
netic analytical system for sensing and indicaung min- 
ute magnetic fields emanating from the brain ог from 
any other tissue region of interest in a subject under 
study. The system includes a magnetic pick-up device 
constituted by an array of fiber-optic magnetic sensors 
mounted at positions distributed throughout the inner 
confines of a magnetic shield configured to conform 
generally to the head of the subject or whatever other 
body region is of interest. 

Each sensor yields a light beam whose phase or other 
parameter is modulated in accordance with the mag- 
netic field emanating from the related site in the region. 
The modulated beam from each sensor is compared in 
an interferometer with a reference light beam to yield 
an output signal that is a function of the magnetic field 
being emitted at the related site. The output signals 
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from the interferometer are processed to provide а 
display or recording exhibiting the pattern or map of 
magnetic fields resulting from emanations at the multi- 
tude of sites encompassed by the region. 


BRIEF DESCRIPTION OF DRAWINGS 


For a better understanding of the invention as well as 
other objects and further features thereof, reference is 
made to the following detailed description to be read in 
conjunction with the accompanying drawings, wherein: 

FIG. 1 із a perspective view of a magnetic field pick- 
up device in the form of a helmet which is fitted over 
the head of a patient and which incorporates an array of 
РОМ sensors for simultaneously detecting magnetic 
fields emanating from a multitude of sites in the brain: 

FIG. 2 shows the helmet partially cut away to expose 
an inner insulating liner on which the sensors are 
mounted; 

FIG. 3 is a separate view of the inner liner, illustrat- 
ing the manner in which the FOM sensors are shielded 
from each other; 

FIG. 4 illustrates, in perspective, a cylindrical mag- 
netic pick-up device; 

FIG. 5 shows a semi-cylindrical section of the pick- 
up device; 

FIG. 6 shows a flat pick-up magnetic device; 

FIG. 7 illustrates a unit for accommodating a patient 
undergoing a magnetoencepahlographic examination; 
and 

FIG. 8 illustrates schematically a biomagnetic analyt- 
ical system in accordance with the invention operating 
in conjunction with a pick-up device that is appropriate 
to the region being studied. 


DETAILED DESCRIPTION OF INVENTION 
FOM Pick-Up Devices 


Referring now to FIGS. 1 to 3, there is shown one 
preferred embodiment of a pick-up device 10 in accor- 
dance with the invention. adapted to detect magnetic 
fields emanating from a multitude of sites on the brain of 
a patient for purposes of magnetoencelographic (MEG) 
examination. 

Pick-up device 10 includes a generally spherical hel- 
met 12 formed of ferromagnetic or superconductive 
shielding material, the helmet being configured to gen- 
erally conform to the head of a patient 11 so that the 
brain therein lies within the confines of the helmet, and 
the weak magnetic fields emanating from the brain are 
confined within the helmet which acts to exclude extra- 
neous magnetic fields. including those emanating from 
external electronic equipment associated with the pick- 
up device. 

Helmet 12 is provided with a conforming inner liner 
13 formed of electrical insulating material, such as in 
synthetic plastic material or an epoxy compound having 
good dielectric properties. Embedded in liner 13 or 
otherwise mounted thereon is a three-dimensional array 
of identical FOM sensors 14, each provided with a 
fiber-optic light conducting line 15 to supply light from 
a suitable laser beam source to the sensor and to con- 
duct the light modulated by the sensor in response to 
the magnetic field detected thereby to an external inter- 
ferometer. Lines 15 are bundled to form a cable 16 
running from the pick-up device to external signal pro- 
cessing apparatus. 

The FOM sensors 14 in the three-dimensional array 
are distributed uniformly throughout the inner confines 
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6 
of helmet 12, so that each sensor acts to pick up a unique 
magnetic field emanating from the head. 

As shown in FIG. 3, РОМ sensors 14 are internally 
shielded from each other but not from the magnetic 
fields emanating from the brain by an open cell ferro- 
magnetic honeycomb 17 so that there is no magnetic 
interaction between the sensors. 

Fiber-optic magnetometers are well known, as evi- 
denced by references (1) to (4), supra. The operation of 
FOM sensor is based on the transference of strain from 
the magnetostrictive material in response to a magnetic 
field to the core of the optical fiber via mechanical 
bonding, resulting in a phase modification of the propa- 
gated light beam. The modulated light from the sensor 
is subsequently processed in an interferometer which 
may take the form of a photodetector which compares 
the phase-modulated light beam with a reference light 
beam to provide an output signal that is a function of the 
phase displacement caused by the magnetic field to 
which the sensor is exposed. 

FOM sensors are available in various configurations. 
In one such configuration, the optical fiber is bonded to 
a magnetostrictive element to form a waveguide strip 
that is then coiled into a spool so that the entire sensor 
is very small For alternating-current measurements 
using, for example, metallic glasses as the sensing mate- 
rial, magnetic sensitivities of the order of 10-9 G/m of 
fiber core are obtainable. 

Design improvements such as magnetic feedback 
nulling (Reference 4) can lead to improvements in the 
linear dynamic range. high suppression of magnetic 
hysteresis associated with the magnetic material. and 
improved long-term stability. Methods of improving 
fluctuations of the transmission characteristics of the 
fiber (induced by the surrounding environment) exist 
such as use of phase-sensitive transducers combined 
with a single polarization-maintaining fiber. Thus polar- 
ization-rotated reflection can be used to enhance the 
performance of the system. 

Of the many configurations the magnetometer can 
take, all detect an externally-induced optical phase shift. 
The sensitivity of the system is proportional to the 
length of the fiber, until such time as the length ap- 
proaches the point where other optical properties of the 
fiber interfere with the propagation of light. The теа- 
surement of the linear strain in length of the fiber which 
is bonded to (or coated by) the magnetostrictive mate- 
rial forms part of one arm of a fiber interferometer. 
Several types of interferometer designs have been em- 
ployed, among which are the Fabra Perot. Mach 
Zender, Michelson and Sagnac types. Well designed 
interferometers can detect induced optical phase shifts 
below 103! rad over the frequency range of 10-10* Hz. 
Thus, very weak magnetic fields per meter of fiber can 
be detected. 

The sensor configuration can be a fiber bonded to a 
magnetostrictive tube or mandrel, а metal film depos- 
ited on the fiber, a metallic glass strip bonded to fibers 
or a metallic glass cylinder. The magnetic materials 
which are sensitive in the range of DC to 50 kHz are 
nickel, iron-nickel alloys, cobalt-nickel, and metallic 
glasses. Piezoelectric activity in the jacket of the fiber 
can be achieved by the use of various types of polymer 
films. 

Sensing of small AC magnetic fields at optimal DC 
Ee etic fields for various frequencies can occur. 
easuring technique enables the separation of 
ic effect (at relatively higher frequencies) 


sf 


1 
from environmental effects (such as temperature ог 
acoustics at lower frequencies) on the fiber interferome- 
ter. Thus, the fiber interferometer can be stabüized 
without losing sensitivity to magnetic fields. 

To extend the AC measuring technique to measure 
DC bias magnetic fields, one can make use of the effect 
of DC bias magnetic fields to change the interferometer 
output due to a fixed AC magnetic field drive at a given 
frequency. In a sense, this technique utilizes an AC 
approach to measure DC magnetic fields, thereby over- 
coming both the environmental perturbation and the 1/f 
noise problem usually associated with low frequency 
measurements. И is the nonlinear response of the mag- 
netostrictive material that allows the urilization of an 
AC technique to measure DC magnetic fields. 

In the helmet-type pick-up device shown in FIGS. 1 
to 3 which is adapted for MEG studies, each FOM 
sensor 14 in the three-dimensional array thereof is оп- 
ented so that the longitudinal axis of the optical wave- 
guide coil or spool is substantially perpendicular to the 
surface of the skull of patient 11 wearing the helmet. 
This orientation makes it possible to dispose a multitude 
`of sensors (forty or more) at positions distributed uni- 
formly about the skull. The density of the coils in the 
array is limited by factors such as the physical diameter 
of each spool and induced noise from nearby spools 
such as eddy currents. 

In biomagnetic measurements, sensitivity is limited 
by fluctuations in the ambient fields and not the intrinsic 
noise of the sensor. Such ambient fields are produced 
primarily by the sensor itself, motorized machinery and 
metallic structural components of buildings which dis- 
tort the earth's geomagnetic field. The earth's geomag- 
netic field is uniform and steady. The problem arises 
when a sensing system vibrates, often in the 1-10 Hz 
range. Also, the subject may produce noise from normal 
physiological activity. In MEG, the head proper is the 
source of a significant amount of noise, produced pri- 
marily by the cortex. But because the array of sensors 
lies within a shield and each sensor occupies a position 
within a cell in a honeycomb shield, the sensors are 
isolated from ambient noise and magnetic interaction 
therebetween is prevented. 

Each sensor acts as а gradiometer of predetermined 
order, any three of which can be used to localize bio- 
magnetic sources at any brain site Бу the use of the 
computation techniques described hereinafter. 

The pick-up device shown in FIGS. 1 to 3 is adapted 
to be placed over the head of a patient for MEG analy- 
sis. But in practice, the pick-up device can be custom- 
ized to pick up magnetic field activity arising in other 
body regions of interest. Thus in measuring magnetic 
fields generated by the heart, the appropriate pick-up 
device, as shown in FIGS. 4 and 5, is in a cylindrical 
form composed of a pair of complementary semi-cylin- 
drical sections 18 and 19 which are joined together by 
Velcro fasteners 20 or similar means which makes it 
possible to detach the sections from each other. In prac- 
tice, for heart analysis, the cylinder is positioned around 
the thorax. 

The cylinder is constituted by an outer shell 21 of 
shielding material having an inner liner 22 of insulating 
material in which are embedded a cylindrical array of 
FOM sensors 23. This cylindrical array of sensors sur- 
rounds the thorax, each sensor picking up the magnetic 
field emanating from a respective site in the heart. 

The cylindrical pick-up device can also be configured 
to go around a limb to measure magnetic fields gener- 
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ated by the muscles therein. For other parts of the body, 
a flat pick-up device may be appropriate. This flat de- 
vice, as shown in FIG. 6, is provided with an outer 
metal plate 24 of shielding material laminated to an 
inner block 25 of electrical insulating material in which 
а rectangular array of FOM sensors 26 is embedded. 

In practice, the cylindrical pick-up device may be 
applied to any extremity; and a semi-cylindrical pick-up 
section can be used separately for measurement pur- 
poses. The flat pick-up device is useful for small surface 
measurements. 

In practice, the pick-up device may be contoured to 
conform to any body region of interest. Thus the pick- 
up device can be used in a broad range of medical appli- 
cations by making available to the practitioner a family 
of pick-up devices, each customized for a particular part 
of the body. The pick-up device is strapped or other- 
wise attached to the body part when a biomagnetic 
study is to be conducted. 

For MEG procedures, as shown in FIG. 7, the hel- 
met-type pick-up device 10 may be inciuded as the 
headpiece of a support unit 27 which also provides a 
seat, a back rest and a foot platform for the patient 
whose head is received by the helmet. Housed in the 
unit is electronic equipment for processing the outputs 
of the FOM array contained in the helmet. 

If one wishes to conduct biomagnetic studies on all 
portions of the body with a single pick-up device, the 
pick-up device for this purpose (not shown) may take 
the form of a sarcophagus-like magnetically shielded 
enclosure with suitable breathing vents, within which 
enclosure are disposed arrays of FOM sensors to pick 
up magnetic fields from different regions of the body. In 
practice, various standard electronic techniques can be 
used for noise reduction, either separately or in combi- 
nation with physical shielding. 


The Biomagnetic Analytical System 


As shown in FIG. 8, one preferred embodiment of a 
biomagnetic analytical system in accordance with the 
invention includes a magnetic field pick-up device 28 in 
a configuration appropriate to the region under study. 
Device 28 includes an outer shield 29 within which is an 
array of РОМ sensors 30, each coupled by a fiber-optic 
line 31 to the input of a multiplexer 32 whose output is 
applied to an interferometer 33. 

Thus instead of having a separate interferometer 
channel for each FOM sensor which would be very 
costly, a common interferometer now serves sequen- 
tially to compare the modulated light beam derived 
from each sensor in the array with a reference light 
beam to produce an output signal. This output signal is 
a function of the sensed magnetic field emanating from 
the site related to the sensor. 

In practice, multiplex transmission of the signals from 
the interferometer may be either optical or electrical; 
that is, by optical waveguides or by conductive wires in 
the case where the interferometer is of the type which 
applies the modulated light signal to a photodetector to 
be compared with the reference light beam. 

The output signals from interferometer 33 represent- 
ing the sensed magnetic fields is applied to a data acqui- 
sition stage 34. 

The output of interferometer 33 is phase information 
related to the degree of phase rotation resulting from 
the detection of the incident vector of the magnetic 
field transient on the fiber optic sensor. This phase in- 
formation can evolve over time as the biomagnetic 
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signal progresses, and it is of an analog nature. There- 
fore, it can be acquired. recorded. and processed in 
either the analog or digital form. For purposes of the 
present embodiment, reducing the data to, and process- 
ing the data in digital form will be discussed. However, 5 
the specific means of data handling is not important to 
the invention. 

Time-varying phase information can be represented 
in the form of an evolving analog voltage which is 
proportional to the phase shift by a predetermined rela- 
tionship. This signal can be converted to digital form 
through a conventional high speed sample-and-hold and 
analog-to-digital converter (ADC) means whereby the 
resulting bandwidth of the recorded signal can be lim- 
ited to that which is determined by the sampling rate of 15 
this analog signal according to the Nyquist sampling 
theorem. 

Since the signal from each sensor oa the sensor array 
is time-multiplexed before entering data acquisition 
stage 34, a single ADC system is sufficient to digitize 
the signals from the entire sensor array. However, it 
should be noted that due to the signal bandwidth re- 
quirements and the size of the sensor array, it might be 
possible that the amount of data generated may result in 
a data rate which is high enough that the conversion 
rate of a single ADC might be exceeded and thus, a 
single ADC channel would not suffice. In this case, the 
multiplexed signal must then be de-multiplexed, the data 
from each sensor within the array then being directed to 
a respective ADC channel, there being one ADC chan- 
nel per sensor, for example. 

In practice, several electronic methods may be used 
to reduce noise, including the use of comb filters, sub- 
tracting a reference channel from a signal channel, 
adaptive filtering of analog or digital format or balanc- 
ing of detectors. These can quite effectively reduce the 
ambient noise, even to the point where physical shield- 
ing may not be necessary. 

The system lends itself to any number of data acquisi- 
tion and processing means. For example, since the phase 
information in а magnetcencephalographic signal can 
be presented in optical form, the data is particularly 
suited to processing by optical computer technology. 

The output of data acquisition stage 34 is applied to a 
data processing stage 35. Through the applications of 
standard spatial localization algorithms, such as are 
addressed by point source theory, a three-dimensional 
histogram map can be generated to represent the loca- 
Чоп and relative magnitude of each magnetic dipole 
source. The processing of the data will depend upon the 
configuration of the sensor array, since the proper 3-D 
mapping of the magnetic dipoles mandates a predeter- 
mined geometry of the plane of the array as well as the 
spacing between each sensor element within the array. 

Once the data is acquired in digital form, it can be 
immediately processed by conventional digital com- 
puter means for the purposes of relating the data in 
various formats including those clinically relevant such 
as (a) time-varying analog and bandwidth information 
for each channel, and (b) the spatial localization, 
through the application of point source theory, of the 
magnetic dipoles which generated the magnetic field 
transients that were detected by the sensor array. The 
data can also be directed to a storage medium for the 
purpose of recording the digitized biomagnetic data (ог 
archiving and later retrieval and processing. 

Additionally, other correlative modalities may be 
employed in conjunction with the biomagnetic data in 
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Order to obtain more complete information about a 
Particular body tissue or system. Thus, modalities such 
as EEG, EKG, МЕ! and X-ray from a source 36 can be 
combined with the biomagnetic data in the data pro- 
Cessing stage 35 and represented according to the par- 
ticular need of the practitioner. 

The output of data processing stage 35 is applied to a 
data reduction stage 37. The computational techniques 
necessary for resolution of the image and decoding it 
into a meaningful "image" for the clinician to interpret 
requires Fourier analysis of the affected light similar to 
the analyses utilized by the magnetic resonance imaging 
(МЕЦ) technology. The FOM-based system in accor- 
dance with the invention allows for the detection of a 
large number of points simultaneously. This feature 15 
most important, since clinicians have long sought a 
method of actually visualizing the physiological pro- 
cesses of the intact brain (especially deep brain struc- 
tures) in various states of sleep and consciousness. 

Two major problems encountered by the conven- 
tional SQUID-based system for MEG is that the resolu- 
tion is not very good, and that the number of sensors 
that can be employed is quite limited, thereby limiting 
the sites in the brain that can be "scanned" for possible 
pathologies. These two cumbersome problems are over- 
come with the FOM-based system, making possible 
many more clinical applications. 

With regard to the actual diagnosis of pathologies. 
the system is targeted toward the same professionals for 
whom the conventional SQUID-based system is de- 
signed. Primarily. these are radiologists, neurologists 
and surgeons. For example, the practitioner could “ses” 
a functional image of the brain on a CRT, but the image 
will be a profile of the electromagnetically "active" 
portions of the brain, as shown by the magnetic pattern 
38 derived from data reduction stage 37. The display 
plane can represent the location of each magnetic dipole 
source, and one pixel intensity can represent the mag- 
netic dipole magnitude or phase with respect to a refer- 
ence signal. What these active areas mean, and how 
they relate to pathologies is currently an area of intense 
interest in the basic and clinical neurosciences. Such 
areas of activity might signify anything from a soft-tis- 
sue pathology to abnormal behavioral patterns where 
no morphological or biochemical anomaly can be de- 
tected. 

The format of data presentation can take the form of 
a static or time-varying uni- or multi-dimensional dis- 
play. 

Uni-dimensional display conforms to the current 
standards of SQUID-based magnetometry and of clini- 
cal electrophysiology. In this case. data is represented 
as linear time-varying representations of single detector 
elements. Multi-dimensional analysis can provide two- 
ог three-dimensional graphic representations of the 
data. These multi-dimensional constructs are the result 
of applying the point source theory algorithms referred 
to above and can represent the dipole data spatially, or 
in terms of other dimensionalities, such as k-space in the 
Fourier domain. 

Thus, the three-dimensional histogram map which 
can be representative of the location and relative magni- 
tude of each magnetic dipole source can be rendered on 
a standard graphic workstation 39. Application-specific 
labelling must be applied to convey orientation and 
scaling of the 3-D data matrix. The display may take the 
graphical form 40 in which the level of each sensed field 
derived from the РОМ$ is represented by а column. Or 
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the levels may be separately indicated on a tecord chart 
41. 


Advantages 


The main advantages of the System are as follows: 
L. Each FOM-based sensor is far smaller than a SQUID- 

based sensor. Thus, a multitude of FCM sensors can 

be placed over or around the region of interest by the 
magnetic pick-up device. 

II. A system of gradiometers об predetermined order 
allows for а more accurate localizatior of biomag- 
netic activity, and a precise determination of the 
physiological condition. 

Ш. The system affords more freedom to investigate 
several areas of the tissue region of interest simulta- 
neously, since it provides a means to spatially localize 
the field signals. 

IV. The biomagnetic analyzing system does not use 
expensive cryogens. The FOM-based pick-up device 
entails minimal installation time and service require- 
ments. 

V. The FOM sensor is relatively easy and inexpensive 
to construct, since only “solid-state” materials are 
required. 

VI. The magnetic shielding needed for the FOM-based 
biomagnetic monitoring is limited to the area sur- 
rounding the region of interest, thereby eliminating 
the need for a specially shielded room. 

УП. Even if a shielded room or enclosure is preferred 
for added noise reduction, the enclosure need not be 
larger than that required to placed the patient in com- 
fortably. 

VIII. Multiplexing the output from the sensing array 
makes it possible for more sensors to be monitored 
with fewer “decoding” devices at the “back end.” 

[Х. The FOM-based pick-up device Produces optical 
data that lends itself to optical computing available 
through the field of “photonics” involving optical 
Processing technologies which can drastically de- 
crease data processing times without compromising 
resolution. 

While there has been shown and described a biomag- 
netic analytical system using various embodiments of 
FOM pick-up devices in accordance with the invention, 
it will be appreciated that many changes and modifica- 
tions may be made therein, without, however, departing 
from the essential spirit thereof. 

We claim: 
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1. A biomagnetic analytical system for sensing and 
indicating minute magnetic fields emanating from the 
brain or any other tissue region of interest in a subject 
being diagnosed, said system comprising: 

(а)-а magnetic pick-up device having an outer shell 
contoured to conform generally to the region of 
interest, said shell being formed of magnetic shield- 
ing material to exclude from its inner confines ex- 
traneous magnetic fields, whereby the emitted 
magnetic fields exist within the confines of the 
shell, and an array of fiber-optic magnetometer 
sensors which conforms to the contours of the 
shell, the sensors being mounted within the shell at 
positions distributed throughout the inner confines 
thereof, whereby each sensor is related to a site in 
the region and yields a light beam modulated in 
accordance with the magnetic field emanating 
from this site; and 

(b) means including an interferometer to compare the 
modulated light beam yielded by each sensor in the 
array with a reference light beam to produce an 
output signal that is a function of the magnetic field 
emitted at the related site. 

2. A system as set forth in claim 1, wherein said sen- 
Sors are each disposed within a respective cell of a hon- 
eycomb shield supported within the shell to prevent 
magnetic interaction between the sensors. 

3. A system as set forth in claim 1, wherein said sen- 
sors in the array are supported on an electrically insulat- 
ing inner liner conforming to the inner contours of the 
shell. 

4. А system as set forth in claim 1, wherein said shell 
is configured as a heimet to be worn by the subjecr for 
brain magnetic field diagnosis. . 

5. A system as set forth in claim 1, wherein said shell 
is configured as a cylinder for heart magnetic field diag- 
nosis. 

6. A system as set forth in claim 1, further including 
means coupled to the output of said interferometer to 
process the output signals from the interferometer to 
provide a display exhibiting the pattern of magnetic 
fields emanating from the sites encompassed by the 
region. 

7. A system as set forth in claim 1, wherein said array 
has at least forty sensors. 

8. A system as set forth in claim 1, wherein the modu- 
lated light beams from the sensors are applied sequen- 
tially to the interferometer through а multiplexer. 

.. 
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[57] ABSTRACT 


Topographic displays of brain electrica] activity are 
produced from matrices of data derived from evoked 
potential (EP) and steady-state responses of skull trans- 
ducers. In different aspects, EP responses are displayed 
at a variable frame rate, the rate of data sampling is 
sufficient to capture rapid transient events, difference 
matrices arc derived as the difference between matrices 
corresponding to two different brain conditions, the 
baseline of the EP responses is zeroed based on the 
average prestimulus response, and the steady-state re- 
sponse is analyzed by Fourier transforms. In other as- 
pects, statistical comparison matrices representing sta- 
tistical differences between corresponding elements in 
two matrices are génerated, a coefficient-of-variance 
matrix is generated, additional display matrices are tem- 
porally interpolated, response waveforms are pre- 
viewed and tagged for elimination from further process- 
ing, the topographic maps are displayed on a video 
monitor with appropriate scaling of the data to the 
tones of the display, and additional display points are 
interpolated between the measured data points for dis- 
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BRAIN ELECTRICAL ACTIVITY MAPPING 


The invention described herein was made in the 
course of work under a grant or award from the De- 
partment of Health and Human Services. 


BACKGROUND OF THE INVENTION 


This invention relates to analysis of brain electrical 
activity and diagnosis of brain disorders. 

Traditional electro-encephalographic (EEG) tech- 
niques of analyzing brain electrical activity to diagnose 
brain dysfunction require the skilled neurophysiologist 
to observe and distinguish time and frequency related 
characteristics of many channels of voltage waveforms 
derived from an individual's brain and to determine, 
largely from тетогу, differences between that individ- 
ual's waveforms and waveforms characteristic of a nor- 
malized population. The process necessarily fails to take 
account of many subtle but potentially useful pieces of 
information contained in the analyzed data. 

Signal averaged sensory evoked potential (EP) tran- 
sient responses have also been used as a source for brain 
electrical activity analysis, but large amounts of useful 
information contained in such transient response wave- 
forms have traditionally been disregarded because of 
the difficulty of visualizing the inter-relationship over 
time of many channels of such information. 


SUMMARY OF THE INVENTION 


The invention features, in one aspect, displaying time 
sequences of topographic maps at a variable frame rate. 
In preferred embodiments, the rate can be selected to 
display protions of the EP response immediately fol- 
lowing the stimulus at a slower rate than later portions; 
and in preferred embodiments the rate can be varied 
logarithmically. The variation of display rate permits 
the operator to give more emphasis to matrices which 
contain relatively more information, such as the earlier 
EP response matrices. 

In another aspect, the invention features generating 
topographic displays of information on electrical activ- 
ity of the brain produced at a plurality of transducers on 
the skuil; generating a time sequence of matrices of 
electrical activity at successive points in time sufficient 
in number to capture the onset of a rapid transient 
event; and displaying the matrices as topographic maps 
in time sequence at a variable rate. In preferred. embodi- 
ments, the processor is capable of generating 200 or 
more matrices for each second of real time. The ability 
to capture a large number of matrices in a short period 
of time permits the observation of short-term events 
such as epileptic spikes. 

In another aspect, the invention features generating 
topographic displays of information on brain electrical 
activity produced at a plurality of skull transducers; 
storing the electrical activity of such transducers for 
two different brain conditions; generating matrices of 
elements representing electrical activity in the two con- 
ditions; forming a difference matrix between corre- 
sponding elements of the two matrices; and displaying 
the difference matrix as a topographic map. In preferred 
embodiments, the two brain conditions are attained by 
the use of a patterned light stimulus and a non-patterned 
light stimulus. The ability to form and display difference 
matrix enables the operator to identify parts of the brain 
involved in particular brain states or evoked responses. 


5 


20 


25 


30 


35 


45 


50 


55 


65 


2 

In another aspect. the invention features generating 
topographic displays of information on brain electrical 
activity produced at a plurality of skull transducers; 
repeatedly triggering EP responses at the transducers, 
including pre-stimulus and post-stimulus responses; av- 
eraging the responses; setting as a baseline the mean 
level of the pre-stimulus response; generating matrices 
from such responses; and displaying topographic maps 
of the matrices. In preferred embodiments the time of 
occurrence of each stimulus is stored and the response is 
divided into pre-stimulus and post-stimulus periods; the 
matrices generated are a set of time-sequenced frames 
during the response and are displayed as a sequence of 
topographic maps; the sequence can be displayed as an 
endless sequence of maps; the averaging process can be 
performed using digital words added into summing 
buffers; and the sampling, storing, response averaging, 
baseline calculation and subtraction can all be per- 
formed digitally; averaging of the pre-stimulus baseline 
can exclude selected portions of the response; the re- 
Sponse can be reviewed to determine the appropriate- 
ness of the baseline; there сал be calculated the Ул узо? 
the average pre-stimulus and post-stimulus responses 
and the Vays can be displayed with the responses, so 
that the user can determine whether the noise level for 
any transducer is unacceptably large; the operator can 
manually adjust the baseline up or down; high-fre- 
quency components can be filtered from the post- 
stimulus response by multipoint interpolation; and the 
baseline calculation can be repeated until the results аге 
satisfactory. In general, these various features permit 
the operator to assemble, modify and adjust to an accu- 
rate zero level a set of EP responses so that the ultimate 
topographic display will be accurate and useful. The 
display of a time-sequence of frames permits the орега- 
tor to visualize the movement of brain activity in the 
course of an EP response over the skull. The proper 
setting at the baseline improves the utility of each re- 
sponse when used in a topographic display, since the 
telative levels of response at different transducers is 
more accurately portrayed. 

In another aspect, the invention features filtering to 
remove from the EEG responses frequency compo- 
nents outside the prominent frequency bands of electri- 
cal activity; determining, for each transducer, the Fou- 
rier transforms and the spectral energy in selected fre- 
quency bands, during a period when the brain activity 
remains in the same state; and processing the results into 
display matrices for the selected frequency bands. In 
preferred embodiments, the brain activity can be sam- 
pled, stored and Fourier transformed digitally; the fil- 
ters can remove frequency components below 0.5 Hz 
and about 50 Hz; the samples can be taken at least 3 
times as frequently as the highest frequency in the 
prominent frequency bands, and particularly at 4 to 5 
times that highest frequency; the Fourier analysis can be 
limited to a period between marked starting and stop- 
ping points; the period during which electricai activity 
is sampled can be limited to avoid interruptions in the 
subject's brain state, and particularly can be limited to 
two second sampling periods; the number of samples 
can be between 20 and 2000; and the frequency bands 
analyzed can comprise the alpha, beta, delta and theta 
bands. Removal of irrelevant frequency bands, sam- 
pling at high rate, and limiting the sampling period all 
enable the operator to obtain accurate spectral analyses 
with minimum interference. The ability to analyze spe- 
cific frequency bands of interest enables the operator to 
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review information which effectively corresponds to 
the electrical activity of the brain in various states. 

In another aspect, the invention also features generat- 
ing a statistical comparison matrix from two matrices, 
each element of the statistical comparison matrix repre- 
senting a statistical difference between the correspond- 
ing elements in the two matrices; and displaying the 
statistical comparison matrix as a topographic map. In 
preferred embodiments, the statistical comparison ma- 
trix can be interpolated into a display matrix having 
additional display points: the statistical Comparison can 
be made between two expanded matrices rather than 
between two unexpanded matrices: the Statistical com- 
Parison can be a t-statistic analysis, or a z-statistic analy- 
sis; and quantitative features useful for diagnosis can be 
determined from regions of the maps. The ability to 
perform and topographically display statistical differ- 
ences between groups and between an individual and a 
group offers a versatile and effective tool for visualizing 
brain areas which are connected to particular brain 
dysfunctions or to particular brain activities, and for 
neurophysiological diagnosis and research. 

In another aspect, the invention also features generat- 
ing a coefficient-of-variance matrix, each element of 
which represents the normalized standard deviation at 
one skull location; and displaying the coefficient-of- 
variance as a topographic гаар. 

In another aspect, the invention also features tempo- 
rally interpolating matrices which represent the re- 
sponse at time instants between other matrices; and 
displaying said interpolated matrices. The temporal 
interpolation provides a smoother visual transition be- 
tween the original frames when a time-sequenced dis- 
play is presented. 

In another aspect, the invention also features pre- 
viewing waveforms and tagging a waveform to indicate 
whether it should be used in later processing, eliminat- 
ing a response from farther processing, automatically 
eliminating a response from further processing if a por- 
tion of the response exceeds a predetermined thresh- 
hold, smoothing a response by eliminating undesired 
high-frequency components, for adjusting the zero 
baseline of a response, eliminating selected portions of a 
response from further processing, and displaying in 
numerical form the value of a теѕропѕе at a point in time 
selected by the operator. These waveform quality con- 
trol procedures enable the Operator to improve the 
quality and accuracy of the topographic displays. 

In another aspect, the invention features generating a 
topographic display of information on the electrical 
activity produced at a plurality of skull transducers; 
sampling and storing the information as a series of ma- 
trices; viewing the data as a waveform; adjusting or 
eliminating portions of the data, Processing the matrices 
into processed matrices: interpolating to expand the 
matrices for viewing; and displaying the matrices as 
topographic maps in a grey tone scale. In preferred 
embodiments, the data matrices, processed matrices and 
expanded matrices can be tagged and stored for later 
recall and processing; and the data matrix elements can 
be calibrated to stored calibration signals by calculating 
a DC offset and gain component for each transducer. 
The ability to store display matrices for later use enables 
the operator to accumulate a series of significant matri- 
ces derived from diagnostic or research work. The 
calibration assures that the topographic displays will be 
accurate. 
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In another aspect, the invention features generating a 
topographic display of electrical activity of the brain 
Produced from a plurality of electrical transducers on 
the skull; generating matrices of elements representing 
the electrical activity at different points; using a video 
monitor to display said matrices, each element of which 
is represented by a discrete point having a gray tone of 
color lying within a range of gray tones; and scaling the 
elements to the tones. In preferred embodiments, scal- 
ing can be performed so tha: all elements are linearly 
interpolated between the maximum Bray tone and the 
minimum gray tone, or between the maximum gray 
tone and a "zero" gray tone, or to an operator supplied 
Eray one, or so that certain display elements are ex- 
cluded from the scaling, or that elements falling outside 
the available gray tone range are assigned to the closest 
gray tone; the gray tones can be generated in two col- 
ors, which can be complementary colors, representing 
values on either side of a zero tone, the zero tone being 
an absence of color; the scaling can be performed either 
On a matrix by matrix basis, or for all matrices taken 
together; the data which forms the input to the scaling 
Operation can be previewed to by selected lab for exctu- 
sion from the scaling Operation. The ability to scale the 
display data to a range of Bray tones in a variety of ways 
improves the utility and visual effect of the display. The 
variety of scaling options is suitable for the variety of 
data which may be displayed. The ability to eliminate 
vety large values from the scaling operation assures the 
most effective scaling for a given set of data. 

In another aspect, the invention features normalizing 
display matrix elements to a selected value which can be 
assigned to a selected gray tone for purposes of scaling. 
In preferred embodiments, the normalization can be to 
a matrix element representing a particular vertex trans- 
ducer on the skull, or to the root mean square value of 
the background activity at the transducer being normal- 
ized, or to the average root mean square value of the 
background activity at all skull locations; normalization 
can be done in connection with apparatus for topo- 
graphically displaying a sequence of matrices represent- 
ing averaged EP fesponses to repeatedly provided stim- 
uli; normalization can be done in connection with appa- 
ratus for displaying spectral band matrices derived by 
Fourier transform analysis of the electrical activity, the 
normalization being of each element of each spectral 
band to the total spectral energy at the corresponding 
transducer on the average total spectral energy at all 
transducers. The ability to normalize display elements 
improves the operator's ability to compare different sets 
of data by normalizing them to the same value. 

In preferred. embodiments, the invention features 
interpolating to form additional matrix elements be- 
tween the transducer points; the interpolation can be 
three-point interpolation, particularly three-point linear 
interpolation to the values of the three closest transduc- 
ers; the number of transducers can be in the range of 10 
to 200; and the number of picture elements is at least 5 
times the number of transducers. The expansion of a 
matrix of a small number of points to a display matrix of 
а large number of points significantly improves the 
smoothness, readability and utility of the resulting topo- 
graphic displays. 


BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of the BEAM system. 
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FIG. 2 is a representation of the organization of sam- 
ples of data in the brain electrical activity mapping 
system. 

FIG. 3 is a representation of the formation of a topo- 
graphic display from a frame of data in the brain electri- 
cal activity mapping system. 

FIG. 4 is a block diagram of the functions performed 
by the BEAM system. 

| FIG. 5 is block diagram of the define protocols opera- 
tion. 

FIG. 6 is a block diagram of the disk data sampling 
operation. 

5 FIG. 7 is a дага file format diagram of the raw data 
ile. 

FIG. 8 is a block diagram of the core averaging oper- 
adon. 

FIG. 9 is a graph of an average EP transient response 
waveform after automatic baseline zeroing. 

FIG. 10 is a block diagram of the raw data quality 
control operation. 

FIG. 11 is a block diagram of the raw data topo- 
graphic display operation. 

FIG. 12 is a block diagram of the create interpolation 
file operation. 

FIG. 13 is a block diagram of the raw data reduction 
operation. 

FIG. 14 is a data file format diagram of signal aver- 
aged EP data. 

FIG. 15 is a data file format diagram of FFT ensem- 
ble data. 

FIG. 16 is a data file format diagram of individual 
FFT data. 

FIG. 17 is a data file format diagram of an EP file. 

FIG. 18 is a data file format diagram of an FFT file. 

FIG. 19 is a block diagram of the reduced data qual- 
ity control operation. : 

FIG. 20 is a graph of an average EP transient re- 
sponse waveform after automatic baseline zeroing and 
after manual baseline readjustment. 

FIG. 21 is a block diagram of the reduced data topo- 
graphic operation 

, FIG. 22 is a block diagram of the group (ile produc- 
tion operation. 

FIG. 23 is a block diagram of the group topographic 
display operation. 

FIG. 2415 a block diagram of the individual vs. group 
comparison operation. 

FIG. 25 is a block diagram of the group difference 
detection and feature selection operation. 

ë FIG. 26 is a data file format diagram of a saved frame 
ile. 

FIG. 27 is a block diagram of the brain electrical 
activity mapping to TICAS file transfer operation. 

FIG. 28 is a block diagram of the TICAS feature 
selection and evaluation operation. 

FIG. 29 is a block diagram of TICAS generate deci- 
sion rules operation. 

FIG. 30 is a block diagram of TICAs test decision 
rules operation. 

FIG. 31 is a block diagram of pseudorandom stimulus 
controller. 

FIG. 32 is a sample of topographic displays Benerated 
by a brain electrical activity mapping system. 


DESCRIPTION OF THE PREFERRED 
EMBODIMENT 


We now turn to a description of the preferred em- 
bodiment. 
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System Organization and Software 


FIG. 1 illustrates the components of a brain electrical 
activity mapping system. Twenty electrodes 5 (e.g., 
Grass gold cup) are attached to subjects skull 4 in a 
conventional international 10-20 format. Twenty leads 
6 from electrodes 5 are connected through switch 7 to 
conventional 24-сћаппе! polygraph 10 (e.g., Grass 8- 
24D), which contains parallel variable gain differential 
amplifiers and strip chart recorders. Calibration signal 
source 8, an A.C. generator, is also connected through 
switch 7 to polygraph 10. Stimulus A 2 (e.g., Grass 
Model PSI strobe light) and stimulus В 3 (e.g., click 
generator) present stimuli to the subject under the con- 
trol of pseudorandom stimulus controller 9, which also 
provides pre-stimulus and stimulus trial marker signals 
(5 volt spikes) of opposite polarity to one of the input 
Channels to 24-сћаппе! FM analog tape recorder 11 
(e.g, Honeywell 5600E). In other embodiments, re- 
corder 11 is eliminated and polygraph 10 is connected 
directly to filter 12 for real-time loading of data. The 21 
active outputs of recorder 11 are connected to the in- 
puts of 21 parallel variable band pass filters 12 (e.g.. 
Butterworth filters; EEG Associates Mark 4 x 24) hav- 
ing variable gain controls. The 21 outputs of filters 12 
are connected to 21 of the input terminals of two 16- 
channel, 12-bit analog-to-digital converters 15, 16 (Dig- 
ital Equipment Corporation AA-11K), which comprise 
part of digital computer 13 (Digital Equipment Corpo- 
ration PDP 11/60). Analog-to-digital converters 15, 16 
are attached to data bus 14 (Digital Equipment Corpo- 
ration Unibus). Also attached to data bus 14 are 4-chan- 
nel, 12-bit digital-to-analog converter 17 (Digital 
Equipment Corporation AD-11K) whose three outputs 
control black and white television monitor 18 (Digital 
Equipment Corporation VR 17) for waveform displays; 
color display control 19 (Digital Equipment Corpora- 
tion VSV 01) whose three outputs control 12" color 
television monitor 20 (CONRAC) for topographic dis- 
plays; 8 serial line controller 24 (Digital Equipment 
Corporation DZ :!) two outputs of which control in- 
teractive keyboard and video character display terminal 
22 (Digital Equipment Corporation VT 100) and printer 
23 (Digital Equipment Corporation LA 120); 256K byte 
memory 24 containing operating system software 27 
(Digital Equipment Corporation RSX 11/M), BEAM 
software 28 (Agrippa Data Systems), and analytic soft- 
ware 29 (TICAS; University of Arizona); floating point 
processor 25 (Digital Equipment Corporation FPP-11); 
central processing unit 26 (Digital Equipment Corpora- 
tion PDP 11/60); and disk controller 27 controlling at 
least one disk drive 28. 


Software Description 


In general, the brain electrical activity mapping sys- 
tem creates color topographic displays reflecting brain 
electrical activity using, as input, continuous electrical 
waveforms recorded from a number of points on the 
skull. The color topographic dispiays consist of discrete 
matrices of a large number of display points (also called 
pixels), each of which has a color or intensity or other 
visible characteristic which indicates a certain value ог 
values at the location of that point analogous to a point 
on the skull. In order to generate discrete topographic 
display matrices having many thousands of display 
points from continuous analog waveforms at a limited, 
e.g. 20, number of points on the skull, the brain electri- 
cal activity mapping system. as illustrated in FIG. 2. 
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converts the data to digital form and generates discrete 
sample frames 40, each sample or frame initially com- 
prising 20 recorded values 41 from 20 Channels of infor- 
mation. The system treats related groups of samples 40 
as segments 42. In the case of EP data, for example, a 
segment would consist of a series of frames or samples, 
each 4 milliseconds in length, the series together repre- 
senting one transient response Sequence from the begin- 
ning of a pre-stimulus period to the end of the post- 
stimulus transient response. In the case of steady-state 
EEG data, a segment would consist of 2 seconds of data 
divided into 256 samples. A Spectral analysis of the 
EEG data then produces 256 samples, each of which 
reflects the energy level in a small, e.g. š Hz, energy 
band and a segment consists of the entire series of 256 
spectral samples. For signal averaging purposes, the 
System considers a set of segments together, e.g., 500 
segments each representing a transient response to a 
given stimulus. The 500 segments taken together are 
known as an ensemble 43. Frames of data can be raw 
data or data which has been Processed or transformed 
by the system. In any case, as illustrated in FIG. 3, when 
a frame 40 is to be displayed it is expanded into a matrix 
45 consisting of a large number of display points 46 
which are determined by an interpolation process from 
the original frame data points 47. Each point of the 
matrix is then converted to a visual display point 47 
which forms part of the final topographic display 48. 

FIG. 4 illustrates the organization of the operations 
which comprise brain electrical activity mapping soft- 
ware 28 and TICAS analytic software 29. Raw and 
processed data is stored in disk files 51. Operations 
52-65 and 67-69 use data stored in files 51 to perform 
data manipulation, data display and data storage func- 
tions. Operations 54 and 55 also Process data from the 
Outputs of converters 15, 16. 

FIG. 5 illustrates the function of define protocols 
operation 53. Protocol files 73 аге generated and edited 
by program ‘SETPAR' 71 based on control information 
70 provided by the operator through terminal 22, the 
results of the operation being displayed (block 72) on 
terminal 22 to the operator. Each protocol file 73 con- 
tains information which Boverns the manner in which 
Other operations are performed On à particular type of 
data file (e.g. one protocol might apply to the process- 
ing of EP transient response data from strobe light stim- 
uli). The protocol information may include the number 
and identity of input channels, the labeling of the Output 
channels to correspond to specific points on the final 
display, the identity of the trial marker channel, the 
voltage level above which to search for the trial mark- 
ers, the rate in samples per second of sampling of the 
data, the number of samples in a segment, the number of 
segments in an ensemble, the number of ensembles, the 
number of points in a baseline, the microvolt level of the 
calibration signal (е... 100 microvolts at 10 Hz), a mul- 
tiplication factor, the number (up to 20) and size (width) 
of integration bands, the label of the protocol, the per- 
cent of taper of samples in a segment of data for fast 
fourier transform processing, the number of automatic 
smoothing passes, the high and low values for auto- 
matic rejection of data during accumulation, the stimu- 
lus interval and location in Seconds, and channel labels 
related to electrode Positions on the skull. 

FIG. 6 illustrates the function of disk data sampling 
operation 54. Program "РАТСОГ 75 loads raw data 
from the output of converters 15, 16 into raw data file 
79, which is divided into 19 buffers 80 which hold en- 
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sembles of data related to Particular brain states or stim- 
uli. The operator provides control information 76 desig- 
nating the patient to whom the data relates and the 
name of the applicable protocol file 73. Other control 
information 76 governs the beginning, end, and pauses 
in data sampling, and the performance of a calibration 
of signal levels. Calibration data is initially stored in a 
buffer 80 of raw data file 79. When the operator re- 
quests (block 76) a calibration, and designates which 
buffer 80 contains the raw calibration data, program 
"DATCOL' computes the root mean square value and 
the mean of at least 30,000 points in each channel of 
calibration data and divides the root mean square value 
by 0.707 to establish the assumed peak value of the 
calibration signal. The peak value, representing the 
level of the original calibration voltage, and the mean 
value, representing the D.C. offset of the calibration 
voltage value for each Channel, аге stored in calibration 
file 78. 

The format of raw data as stored in raw data file 79 is 
illustrated in FIG. 7. Each buffer 80 Contains header 
block 81, having protocol and other housekceping in- 
formation concerning the data stored in the buffer; 
calibration block 82 Containing for each channel of data 
the calibration value in microvolts per bit and the num- 
ber of microvolts by which the calibration signal was 
offset from zero both of which values were found in 
calibration file 78 at the time raw data was loaded; bad 
segment block 83 identifying segments of data which 
the operator will later decide to exclude from subse- 
quent operations; an unused segment 84; and а series of 
data segments 85, which hold a series of data samples, 
each containing values for all 20 channels. The data 
segments 85 are interleaved with no gaps. 

FIG. 8 illustrates the function of core averaging oper- 
ation 55, usually usef for loading and signal averaging 
raw EP transient responses. Data from converters 15, 
16 is read by program ‘CORAVG' 86. User provided 
control information 88 designates the protocol, ob- 
tained from protcol file 73, under which the Operation is 
performed, and determines start, end, and pauses of the 
operation. Program 'CORA VG' 86 samples data begin- 
ning at points labeled by the prerecorded trial markers 
and forms signal averaged EP transient responses from 
а series of transient responses resulting from repetition 
of a stimulus. The series oí transient response data are 
accumulated and held in EP file 87, which is a reduced 
data file as described below. Calibration file 78 holds 
calibration information accumulated from the data 
channels in the manner previously described. Program 
"СОКАУС` 86 automatically rejects as "bad data" any 
segment which contains values outside of preset limits. 
Program “СОКАУС” also automatically adjusts the 
zero baseline with respect to each electrode's average 
EP transiet response, by subtracting the mean of the 
pre-stimulus period values for a channel from each 
point in that channel's transient response curve. 

FIG. 9 illustrates a plot of an average EP transient 
response 90 of microvoltage against time as it could be 
displayed on monitor 18 following core averaging oper- 
ation 55. The stimulus was presented at time 93, the 
transient response includes pre-stimulus period between 
time 92 and time 93, and the Plot shows calculated zero 
baseline 91. 

FIG. 10 illustrates the function of raw data quality 
control operation 56, which enables the operator in- 
teractively to review and eliminate bad segments of raw 
data before other operations are performed. By means 
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of control information 94 the operator can select for 
review the contents of any buffer 80 in raw data file 79. 
The buffer data is displayed (block 105) segment by 
segment by program 'GLITCH' 95 on television moni- 
tor 18 to the operator as an analog waveform. The 
Operator can label any segment of bad data, which 
causes the bad data segment to be identified on bad 
segment block 83. Control information 94 can also in- 
clude the insertion of trial markers indicating a point on 
a waveform at which subsequent operations should 
begin. and display to the operator the microvolt value 
of individual points on a displayed curve. 

FIG. 11 illustrates raw data topographic display op- 
eration 57, which provides topographic time sequenced 
displays (cartoons) of raw data frames. Program 'RAW- 
MOV’ 96 expands the 20 channels of each data frame 
into a matrix of 128х 128 data points by three-point 
linear interpolation. The operator provides control in- 
formation 102 designating the disk buffer 80 on raw data 
file 79 which contains the data to be displayed; the 
number of display matrices to be produced; the рагате- 
ters for interframe interpolation; and the parameters and 
options (described below) for scaling the data points 
among the available grey color tones of the display. 
Program 'RAWMOV" 96 calculates each interpolated 
data point for the display matrix using three-point linear 
interpolation from the three closest original channels 
and scales the data to the available grey color tones of 
the display. The interpolation is performed using preset 
coefficients stored in interpolation file 97 by an орега- 
tion described below. 

The display matrices produced by program 'RAW- 
MOV" 96 are stored in sequence in disk movie file 98. 
Program ‘RAWDIS' will display (block 101) the frames 
stored in disk movie file 98 on monitor 20. Control 
information 100 permits the operator to designate the 
file to be displayed, the frame rate, and the starting, 
stopping and reversing of the display sequence. The 
displays include labels of information taken from the 
protocol block, e.g., patient identification. 

FIG. 12 illustrates the functions of create interpola- 
tion file operation 52. Program 'POINTS' 110 creates 
points file 115 reflecting the X and Y coordinates of 
each point in the original electrode layout with respect 
to the 128 х 128 grid and associating with each point in 
the 128X 128 display matrix the identity of the three 
original electrode points with respect to which it should 
be interpolated. Control information 120 provided by 
the operator includes the X and Y coordinates of each 
channel and the identity of the three interpolation 
points for each display point. Program 'OUTLINE' 111 
identifies and stores in outline file 116 the X and Y 
coordinates of the points which outline the plan view of 
the skull to be included in the display, based on control 
information 121. Program “МАКСОҒ 112 generates 
and stores in coefficient file 117 the coefficients needed 
to perform the three-point linear interpolation for each 
matrix display point within the skull outline, using 
points file 115 and outline file 116 as input. Program 
"МАКОУК 113 stores in overlay file 118 the operator 
provided (block 123) coordinates of the overlay of the 
skull, nose and ears outline for the display. Program 
'"SETOVR' 114 generates interpolation file 119 from 
overlay file 118 and coefficient file 117. Interpolation 
file 119 then contains the information required to com- 
pute interpolated matrix data points and the skull over- 
lay for display. 
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FIG. 13 illustrates the function of the raw data reduc- 
tion operation 58. Three alternative programs can oper- 
ate on data in buffers 80 to produce reduced data files 
125. Program 'DSKFFT' 126 accepts segments of EEG 
data from raw data file 79, performs a fast fourier trans- 
form analysis which produces a new segment of data 
reflecting the spectral energy in each of a sequence of 
frequency bands. Program 'DSKFFT' 126 also gener- 
ates, for each group of segments, an ensemble consisting 
of the sums (used in a later step to form the average 
values) and sums squared (used in a later step to form 
the standard deviations) for each channel across all 
segments in the group, values reflecting each of the 
sums as a percentage of the total spectral energy in the 
segment, and values reflecting the coefficient of varia- 
tion (the standard deviation divided by the mean) for 
each channel across an ensembie. FIG. 15 illustrates the 
format of the resulting ensembie of FFT data stored in 
reduced data file 125. The sums data 130 is filed in se- 
quence by channel for the first frequency band 131, e.g., 
0.5 Hz. Similar sums data follows for the other fre- 
quency bands. After al! sums data is stored, the sums 
squared data 132, the normalized power spectral density 
sums, and the coefficient of variation data are stored in 
similar fashion. In addition to storing the sums and sums 
Squared data for all segments in the ensemble, program 
"DSKFFT' can store spectral information for each seg- 
ment analyzed. As illustrated in FIG. 16, the data is 
stored as sine and cosine coefficients for each channel 
for each frequency band, and as normalized sine and 
cosine coefficients as a percentage of total spectral en- 
ergy. As illustrated in FIG. 18, the ЕЕ: data file 191 
stored on reduced data file 125 also includes a header 
block 192 housekeeping information. 

In FIG. 13, program 'DSKAVG' 127 performs а 
function similar to core averaging operation 55 in signal 
averaging EP transient response waveforms, but uses as 
input raw data stored in raw data file 79 and permits the 
Operator to review each waveform and select those to 
be used in the averaging process, rejecting others. Pro- 
gram 'MANAVG' 128 permits a similar operator- 
assisted signal averaging process when the raw data 
does no contain preset stimulus trial markers, requiring 
the operator to indicate the point at which averaging is 
io begin for each waveform. FIG. 14 illustrates the 
format of signal averaged data produced by programs 
"СОКАУО 86, ‘DSKAVG* 127 and 'MANA VG' 128. 
The sums of each channel for all trials for the first time 
frame 133, e.g., 0-$ milliseconds, are loaded in order, 
followed by similar information with respect to all sub- 
sequent time frames for a given segment. As illustrated 
in FIG. 17, such EP files 190 are preceded by header 
block 193. 

FIG. 19 illustrates the function of reduced data qual- 
ity control operation 59, which permits the operator 
interactively to review and modify data in reduced data 
file 125. By providing control information 204, the op- 
erator can select the file to be reviewed and indicate 
whether it contains FFT spectral information or EP 
time-sequenced information. For FFT information, 
program "ЕЕТІЛ/К" 201 displays (block 202)selected 
channels of spectral data as frequency-voltage curves 
on monitor 18 and permits the operator to low-pass 
filter the waveforms and display the value of particular 
data points. For EP data, program 'EPLUK' 203 dis- 
plays (block 202) selected channels as time-voltage 
Curves and permits the operator to reset the zero base- 
line, to filter high frequency noise from a channel, and 
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to display the value of any point on a curve. FIG. 20 
illustrates the function of manual baseline relocation. 
Because pre-stimulus period Tesponse 180 was not level. 
automatic baseline 176 set by program `СОВАУС' 86 
inaccurately reflects the true zero level for transient 5 
response curve 175. The operator can relocate the base- 
line to a new level 177 by moving cursor 179 to the 
desired level, causing that voltage value to be sub- 
tracted from each point of data along curves 180 and 
175. 10 

FIG. 21 illustrates the functions of reduced data topo- 
graphic display operation 60. For single frame display 
of FFt data, program 'FFTTVM' 206 reads data from 
reduced data file 125 as selected by operator control 
information 214. The data is scaled in accordance with 15 
instructions included in control information 214. The 
selected frame is provided to program 'TVM16 213 
which interpolates a matrix of 128 x 128 points using the 
coefficients and other information contained in interpo- 
lation file 97, and provides the resulting matrix to color 20 
display 212. For single frame EP display, program 
`ЕРТУМ' 205 performs an analogous process to that of 
program “ЕРГТУМ” 206. Programs 'ЕРТУМ' 205 and 
"FFTTVM' 206 also perform compilations of sequences 
of frames into one display matrix, in accordance with 25 
predefined groupings set forth in protocol blocks. 

A sequence of FFT matrices or EP matrices can be 
displayed in rapid time sequence as a cartoon by the use 
of program 'FFTMOV" 208 and program 'EPMOV* 
207, respectively, each of which Processes sequences of 30 
selected matrices of data from reduced data file 125, 
using scaling control information 215; interpolates full 
1282128 matrices for each frame; interpolates a se- 
lected number of additional matrices between the origi- 
nal frames; and stores the resulting matrices in movie 35 
file 211. Based on control information 216 specifying 
data to be displayed, the frame rate of display, start, 
stop, backward, forward and pause, program 'FFTDIS' 
210 and program ‘EPDIS* 209 provide cartooned matri- 
ces for viewing on color display 212. 40 

FIG. 22 illustrates group file production operation 
61. Program 'GRPBLD' 221 creates and updates a com- 
posite group file 223 working from selected individual 
reduced data files 125. Control information 222 pro- 
vided by the operator indicates the identity of individ- 45 
ual reduced data files to be included. The group files 
223 consist of the sums and the sums squared for al] 
homologous points in the reduced data files 125 of all 
individuals in the group. Normalized sums and coeffici- 
ents of variation may also be produced and stored. Hard 50 
copy 224 listing the individuals in each group and the 
values of group file data are available based on control 
information 222. 

FIG. 23 illustrates the function of group topographic 
data display operation 62 which is analogous to the 55 
operation of the single frame display of reduced data file 
information, illustrated in FIG. 21, except that the data 
displayed is from group file 223 instead of reduced data 
file 125. 

FIG. 24 illustrates the function of individual versus 60 
group comparison operation 63. Programs “ЕРТУМ! 
205 and 'FFTTVM"' 206 аге performed respectively on 
EP and FTT data. In each case, the program generates 
a frame of points, each of which is the number of stan- 
dard deviations (z-statistics) by which an individual's 65 
point, taken from individual file 226 differs from the 
average of the group's corresponding points taken from 
group file 223. The resulting frame is displayed (block 


216) by program “ТУМ16 213, which interpolates addi- 
tional data points to form a 128 x 128 matrix in the man- 
ner previously described. ? 

FIG. 25 illustrates the function of group difference 

detection and feature selection operation 64, which 
computes frames of t-statistics reflecting the level of 
Statistical difference between two groups based on the 
means and standard deviations of homologous data 
points for the two groups. Program 'GRPCMP' 230 
Computes t-statistics and degrees of freedom from the 
sums and sums squared data contained in two different 
group files 223 designated in control information 231 
provided by the operator. The resulting frames are 
stored in group comparison file 232. Based on file and 
frame designations set forth by the operator in control 
information 235, program 'GRPDIS' 234 transmits a 
selected t-statistic frame for display by program 
“ГУМ16 213 as previously deascribed. Program 
*TVM16' 213 also returns a fuily expanded 128 < 128 
matrix back to program 'GRPDIS' 234. Through con- 
trol information 235, the Operator may store such a 
t-statistic matrix in saved frame file 233. FIG. 26 illus- 
trates the format of saved frame file 233. Header block 
240 contains the number of saved frames, and for each 
frame identifies the time frame length or frequency 
band and the protocol under which the data was col- 
lected. Frames 241 contain 128 x 128 matrices of float- 
ing point t-statistics generated by program 'GRPDIS* 
234. 
FIG. 27 illustrates the functions of the brain electrical 
activity mapping to TICAS file transfer operation 65, 
which converts features of brain electrical activity map- 
ping data to a form usable with TICAS software 29. 
Program 'FEADEF' 245 generates feature list file 247 
from feature definitions and names of saved frame files 
234 provided by the operator in control information 
246. Program “ҒЕАСЕТ” 248 then generates TICAS 
formal file 249 from reduced data files 125, saved frame 
file 233, and feature list file 247, identified by the opera- 
tor in control information 250. The feature definitions 
which may be selected and stored in TICAS format file 
249 for subsequent TICAS analysis include nearly all 
combinations of data found in all individual files, all 
combinations of integrated bands of frames (e.g.. alpha 
bands) in individual files grouped according to preset 
protocol specifications, or combinations of individual 
frame files weighted by the values in a saved t-statistic 
frame. 

FIG. 28 illustrates the functions of TICAS feature 
selection and evaluation operation 67. In control infor- 
mation 266, 264 the operator designates two groups 262. 
263 from TICAS format file 249 whose features are to 
be analyzed, the type of data to be analyzed, the number 
of input features to be analyzed, and the number of 
output features to be produced. Program 'UTEST' 261 
peforms a standard two-sample Wilcox-Mann-Whitney 
U-test and provides a list of U-test scores in rank order 
which are printed on printer 23 and stored. Program 
'FMTST' 260 performs a final merit value (FMV) test 
and provides and stores a list of values for features in 
order of final merit values. Program 'FMTST' 260 first 
determines intermediate merit values as a combination 
of the standard receiver operating characteristic (ROC) 
curve or d' value and the resuits of an ambiguity func- 
tion analysis. The final merit values for each feature аге 
then determined by correlation of the intermediate 
merit value with ail features ranked higher in intermedi- 
ate value. Program 'MERGE" 267 selects from Group 
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A features 268 and group B features 269. based on the 
ЕМУ values and U values, those features which аге 
most useful, which are then stored in disk files 270 and 
271. 

FIG. 29 illustrates the functions of TICAS generate 
discision rules operation 68. Program 'SLPRT" 275 uses 
an operator controlled (block 278) subset of selected 
Group A features 276 and selected Group B features 
271 to generate disk stored interim rules 279, by a 
method controlled (block 278) by the operator. The 
computation method may be a non-parametric d-selec- 
tion technique, a parametric classification technique, or 
a combination of the two. Program 'CLSFY' 284 uses 
operator selected (block 285) interim rules 279 to clas- 
sify operator selected subjects having operator selected 
features, from selected group features files 280 or re- 
fined group features files 281, 282, printing the results 
on printer 23, thereby permitting the operator to evalu- 
ate the efficacy of each selected interim rule 279. Pro- 
gran 'DSC' 286 combines operator chosen (289) fea- 
tures from selected Group A features 287 and selected 
Group B features 288 into new features on the basis of 
the weighting functions of a standard linear discrimi- 
nate analysis, subject to the operator's choice (group 
289) of discriminant function parameters. Discriminant 
function weights for the best features are then loaded 
into a disk file 290. Program 'LINCOM В’ 293 uses the 
original selected Group A features 291 and selected 
Group B features 292 and the discriminate function 
weights 29 to create refined Group A features 294 and 
refined Group B features 295, which are linear or other 
operator selected (block 296) combinations of the origi- 
nal features. Refined Group A features 294 and refined 
Group B features 295 can replace the original selected 
features 276 and 277 as input to program 'SLPRT' 275 
to permit an iterative process of decision rule genera- 
tion. 

FIG. 30 illustrates test decision rules operation 69. 
Program “С1.5ЕҮ” 284 uses final sets of decision rules, 
e.g., rules А 304 and rules В 305, to classify individuals 
in original Group А 300, original Group В 301 and new 
unknown groups, e.g., Group C 302 and Group D 303, 
to determine the efficacy of the final decision rules, the 
results being provided on printer 23. 


Operation 
Data Gathering 


Accumulation of raw EEG and EP data is accom- 
plished by first attaching 20 electrodes 5 to the scalp of 
an individual subject in a conventional international 
10-20 format. In other embodiments, information from 
between 10 and 200 electrodes can be gathered and 
analyzed. Before recording, and if desired during re- 
cording, the operator observes the signal levels on the 
20 channels of chart recording of polygraph 10 and 
adjusts the gain on weak signals to produce usable 
waveforms. A calibration signal of 100 microvolts (10 
Hz) from source 8 is recorded on all twenty channels on 
tape recorder 11 at the beginning of each session and 
whenever any of the gain levels on polygraph 10 is 
adjusted. 

Data gathering typically begins with a careful admin- 
istration of a sequence of tests, each of which is in- 
tended to establish a particular steady-state electrical 
condition in the subject's brain. The sequence of tests 
usually includes instructions to relax and remain still 
with eyes open, to relax and remain still with eyes 
closed, to become drowsy, to breathe deeply for hyper- 
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ventilation, to listen to music and to listen to speech. 
Other tests rewquire the subject to (1) listen carefully to 
a story and answer simple questions about its context 
when completed. (2) remember a set of six abstract 
figures (often resembling an unknown language alpha- 
bet) in black ink on index cards presented by the exam- 
iner, (Kimura Figures-Instruction) (3) select the six 
previously presented figures from a set of 38 figures, 
verbally indicating yes or no (Kimura Figures-Test), (4) 
associate each of four abstract figures on index cards 
with a particular artificial name spoken by the examiner 
(Paired Associates-Instruction), (5) name each of the 
four abstract figures when tested by the examiner 
(Paired Associates-Test), (6) read silently three previ- 
ously unread paragraphs (e.g., example text from the 
Gray Oral Reading Test) so as to answer questions 
subsequently (Reading Test-Instruction), (7) identify 
whether 34 typed sentences presented by the examiner 
were previously included in the three paragraphs 
(Reading Test-Test), and (8) read text upside down: The 
tests are designed to permit recording of brain electrical 
signals during simple resting brain activity and during 
different levels of activation of the left hemisphere, the 
right hemisphere and both hemispheres of the brain 
together. This permits the demonstration of pathologies 
present at rest and those present upon brain activation. 
The development of specific tests and the choice of tests 
is determined by the user based in part on the subject 
being tested and the information eing sought as de- 
scribed in greater detail below. Between twenty sec- 
onds and three minutes of steady state brain electrical 
activity is recorded on all 20 channels during each of 
the tests. Appropriate records of the tape location of 
each test are kept. These tests have been used with the 
brain electrical activity mapping system to demonstrate 
group differences between normal subjects and those 
with dyslexia or specific reading disability at the 10-12 
year age level and at the six-year age level; to differen- 
tiatedemented patients from normals and aged patients 
from younger patients in clinical settings; to identify 
patients with an organic basis for sociopathic behavior 
and other forms of mental illness; to demonstrate epi- 
lepsy when the resting background EEG failed to show 
any abnormalities; to demonstrate abnormalities in EEg 
and ЕР data for schizophrenic subjects; апа to deter- 
mine when a brain tumor, previously treated, is about to 
recur. 

With young infants, the brain states tested include 
sleep, alert and attending to visual and auditory stimuli. 
alert but not attending to visual and auditory informa- 
tion, and drowsiness. Using these states, it is possible to 
discriminate among children with poor behavioral 
scores on a psychological test and those with high psy- 
chological scores. 

A series of sensory evoked potential (EP) transient 
responses are then recorded from all electrodes while 
the subject is repeatedly exposed to a selected stimulus. 
e.g., a strobe light or a click generator ог to a predeter- 
mined sequence of two alternate stimuli. Because the 
EP transient response is weak compared to the back- 
ground steady-state brain electrical activity, the stimu- 
lus must be presented many times (e.g., 500) to the sub- 
ject for later signal averaging. The total response period 
of interest is typically 1024 milliseconds, comprising 512 
milliseconds before stimulus and 512 milliseconds after 
stimulus. The process is repeated for different stimuli. 
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Stimuli presented to the subject can range from sim- 
ple flash, simple click, simple pattern reversal and sim- 
ple somatosensory stimulation to those requiring com- 
plex decisions. Requiring a subject to discriminate be- 
tween subtly different auditory stimuli (e.g., the words 
"tight" and "tyke") is useful in diagnosing dyslexia. 
This procedure is known as the Tight-Tyke evoked 
potential phenomic discrimination test. Picking an infre- 
quently different stimulus from among other more fre- 
quent stimuli is useful evaluating subjects who have 
functional brain disorder. 

Auditory stimuli generate a set of fast and a set of 
slow transient responses. The fast responses eminate 
from the brainstem and have a typical duration of 20 
milliseconds. Brainstem responses are normally sampled 
for a total response period of 40 milliseconds compris- 
ing 20 milliseconds before stimulus and 20 milliseconds 
after stimulus. Filters 12 are adjusted to exclude fre- 
quencies below 300 Hz and to include frequencies up to 
8000 Hz. 

When EP transient responses from such stimuli are 
averaged to eliminate noise, two types of interference 
can occur. The first type, known as contingent negative 
variation (CNV), relates to the connection made by the 
brain between consecutive equally spaced stimuli when 
the subject is told to count the stimuli. The D.C. com- 
ponent of the resulting transient response shows а gen- 
Ue dip and a sharp rise immediately before each stimu- 
lus, attributable to the subject's anticipation of the next 
stimulus. The sharp rise contaminates the evoked poten- 
tial transient response and makes it difficult to establish 
a zero baseline. By including as part of the interval 
between stimuli a first pseudorandom time element 
which varies from 0 to a period longer than the post- 
stimulus response and is also a multiple of the wave- 
length of the interfering frequency described below, the 
CNV effect is greatly reduced. 

The second type of interference results from the exis- 
tence of background noise at certain characteristic fre- 
quencies, e.g., 10 Hz, which reflect Prominent bands of 
steady-state brain wave activity. The major interfering 
frequency of a given subject may be determined by a 
spectral analysis of his background EEG signal. The 
interference problem is especially significant in adults 
with prominent alpha waves and children with promi- 
nent slow brain wave activity. By including in the time 
interval between stimuli a second pseudorandom time 
element whose period varies from zero to the wave- 
length of the major interfering frequency, the back- 
Bround noise can be substantially reduced in the averag- 
Ing process. 

The inclusion of a prestimulus period of recoding for 
each transient response permits an accurate baseline 
determination at a later stage of signal processing in 
order to establish a true zero level for the post-stimulus 
response and permits a determination of the quality of 
the signal averaging process. 

Pseudorandom stimulus controller 9 measures the 
interval between stimuli as a combination of the post- 
stimulus response period, the first pseudorandom period 
described above, the second pseudorandom period de- 
scribed above, and the pre-stimulus Tesponse period. 

As illustrated in FIG. 31, pseudorandom stimulus 
controller 9 comprises a four-stage timer, each stage of 
which in turn measures one of the four periods included 
in the interval between stimuli. The first stage compara- 
tor 406 measures the pre-stimulus period рі/Гд where 
Pi is a number preset by the Operator in register 408 and 
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fei is the frequency set on variable frequency clock 404. 
When the first stage timing is completed, the second 
Stage times the post-stimulus period as P2/fe2 where Р; 
is а number preset in register 414 and fj; is the preset 
frequency on clock 410. At the end of the first stage 
timing period, a stimulus tria] marker (5 volt spike) is 
recorded on the trial marker channel of tape recorder 
11 and stimulus 409 is triggered. The selected post- 
stimulus period is long enough to permit a full decay of 
the transient response being observed. At the end of the 
second stage timing period, the third stage measures the 
first pseudorandom time period P3/f-3, where Ру is the 
next pseudorandom number in programmable read only 
memory (PROM) 419 and {3 is the preset frequency of 
variable clock 415. PROM 419 has been preloaded with 
а pseudorandom sequence of numbers. At the end of the 
third stage timing, the fourth Stage measures a second 
pseudorandom period in an analogous manner based on 
а pseudorandom sequence in PROM 424 and a preset 
frequency on clock 420. When the fourth stage timing 
period is over, a pre-stimulus trial marker (5 volt spike) 
is recorded on the trial marker channel of recorder 11. 
А new timing cycle is then completed and the process is 
reiterated until the total number of transient responses 
recorded equals a preset number in register 426 or the 
process is stopped by the operator. The entire process is 
begun by pushing button 401, which causes the record- 
ing of a pre-stimulus trial marker. Temporary delay 
button 431 can be used to temporarily delay the contin- 
ued operation of the timer at the operator's discretion, 
as for example when the subject is distracted in а man- 
ner which would render the transient response useless. 
A low order bit in PROM 424 or PROM 419 can be set 
to 0 ог 1 by the operator for each number loaded into 
PROM 24 or PROM 19 so that two different stimuli 
(e.g., auditory and visual) can be triggered in a prese- 
lected order or pattern, with one stimuli being pres- 
ented more frequently than the other. 

The result of the recording session is an analog tape 
of raw EEG and EP voltage data and calibration volt- 
ages on 20 channels with trial markers on a twenty-first 
channel. The next step is to load the data into computer 
13. 

As previously described, brain electrical activity 
mapping software 28 performs data collection, data 
manipulation, and data display functions in accordance 
with central information provided by the operator. The 
various operations can be performed in any sequence 
and the operator can perform a series of functions itera- 
tively. The operator provides control information 
through the keyboard of terminal 22 and receives infor- 
mation concerning the various operations on printer 23, 
waveform monitor 18 and topographic color monitor 
20. The flexibility of operation heightens the system's 
utility as a diagnostic and analytical tool. 


Data Loading 


Under operator control, EEg data for each brain state 
and related calibration signals are loaded directly onto 
disk storage from recorder 11 after passing through 
filters 12 set to pass frequency Components between 0.5 
and 50 Hz or between 0.5 and 1000 Hz and epileptic 
spike data. Gain controls on the filters are adjusted to 
fully utilize the signal capacity of converters 15, 16. 
EEG data can be sampled at rates as high as 20,000 
samples per second. 

Under operator control, EP data is passed through 
filters 12 set to eliminate frequencies above a selected 
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frequency of between 40 and 100 Hz, ог below 300 Hz 
for brainstem data, and is signal averaged in core mem- 
ory using core averaging operation 55, which automati- 
cally rejects bad data and sets the zero baseline. 
Typically EP data is sampled every 4 milliseconds, or 
every microseconds for brainstem analysis, and 256 
sampled are taken, 128 pre-stimulus and 128 post- 
stimulus. If the operator determines that the EP tran- 
sient response data is very noisy, he may alternatively 
record the data as raw data and use raw data reduction 
operation 58 to average only selected transient response 
trials. In cases where the transient response data may 
not contain the necessary stimulus trial markers, such as 
in recordings of rapid eye movement (REM) sleep, the 
data can similarly be recorded as raw data and trial 
markers can be added manually by the operator, using 
raw data operation 58, before signal averaging is done. 


Raw Data Quality Control and Display 


To assure the maximum accuracy and utility of raw 
data, the operator can, using raw data quality control 
operations 56, display recorded waveforms, accept or 
reject each waveform for later processing, have mathe- 
matical smoothing operations performed, reset baselines 
or eliminate certain points of data. 

The operator views the EP transient responses for the 
20 channels for the purpose of evaluating the utility of 
each curve and specifying modifications which will 
improve their utility when displayed. The operator may 
direct a further adjustment of the baseline, which has 
already been set automatically, by having a constant 
number added to or subtracted from the value in each 
frame, or can determine to have the automatic baseline 
determination redone using a smaller number of the 
later pre-stimulus frames as the baseline. This procedure 
is particularly useful when the early pre-stimulus frames 
are found to contain the tail end of the transient re- 
sponse of the prior stimulus. By reviewing the relative 
levels of V Rus (pre-stimulus) and У амо (post-stimulus) 
for a given channel, the operator can determine 
whether the background noise level is unacceptably 
large with respect to the transient response, necessitat- 
ing another recording session with the subject. The 
Operator may also filter any high frequency noise in the 
post-stimulus period by three-point interpolation. 

As part of the raw data quality control process, if a 
channel contains spurious values (e.g., voltage spikes) in 
particular frames, the operator can eliminate those val- 
ues and substitute values interpolated from the next 
prior and next later frames. If the voltage levels on one 
channel are substantially higher than for the other chan- 
nels, the operator can flag that channel to indicate that 
the channel should be excluded from the subsequent 
display scaling procedure (described below). Based on 
the operator's instructions, the automatic baseline deter- 
mination may be redone and the results are viewed 
again until the operator is satisfied that the set of tran- 
sient responses contain satisfactorily low noise levels 
and are properly zeroed. 

Raw data topographic display operation 57 enables 
the operator to display a cartoon series of topographic 
maps of raw data, which has been expanded by interpo- 
lation into a matrix of 128 x 128 points. The cartoon can 
be started or stopped and run forward or reversed at 
will. When raw EEG data is to be cartooned, the opera- 
tor can sample the data at a high rate. e.g., 400 frames 
per second. and then display the information at slower 
Speed or in a series of matrices. each of which is an 
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average of a sequence of frames. The averaging can be 
done on a running basis, so thar the first N frames are 
averaged and displayed, then the М frames beginning 
with the second frame are averaged and displayed, and 
so оп. 


EEG Data Reduction 


Raw EEG data is converted to spectral data using the 
fast Fourier transform process of raw data operation 58. 
25 previously described. The segments of raw EEG 
curves whose spectral data is averaged are generally 
about 2 seconds in length each, which is shorter than 
the average period between spurious artifact signals. 
Typically from 15 to 90 segments are spectrally ana- 
lyzed and the spectra averaged. Tne spectra usually 
consist of 128 frequency bands of 4 Hz in width cover- 
ing the spectrum from 0 to 64 Hz. The ends of each 
segment can be tapered in accordance with the opera- 
tor's discretion in connection with the Fourier trans- 
form process. 


Reduced Data Quality Control and Topographic 
Display 

Working with reduced EP and EEG data. that is 
sequences of time frames of transient response data and 
groups of spectral band data, the operator can use re- 
duced data quality control operation 59 to view the 
waveforms, discard bad data reflecting movement arti- 
fact, eye blink, or muscle activity and eliminate high 
frequency noise. The reduced data can then be topo- 
graphically displayed on a frame by frame or cartooned 
basis using the reduced data topographic display opera- 
tion 60. In either case, the operator can form frames 
which represent combinations of underlying frames. 
For example, groups of 1 Hz bandwidth frames can be 
combined into larger bandwidth frames corresponding 
with typical spectra of clinical interest, e.g., alpha, beta, 
delta and theta. Bands of any desired width can be 
formed. In addition to displaying raw spectral energy 
information from EEG data, it is possible to display 
normalized spectral energy in which the points on each 
display are normalized to the overall spectral energy of 
each electrode or to the average overall spectral energy 
at all electrodes. In the case of EP data, it is similarly 
possible to display each point as a normalized value to 
the value at one specific electrode, e.g., the vertex elec- 
trode designated “Cz”, or to a standardized чаше, or to 
a selected value, or to the Vas of the background 
activity at each electrode, or to the Vays of all elec- 
trodes. Similarly, the 128 frames of an EP transient 
response can be grouped into frames of greater time 
duration for display. 


Group Data Analysis 


By accumulating a number of stored data frames, it is 
possible for the operator to assemble and display group 
data files using group file production operation 61 and 
group topographic data display operation 62. 


Significance Probability Mapping (SPM) 


Using stored data for various groups and individuals, 
the operator can perform and display topographically 
t-statistic comparisons between groups of frames and 
z-statistic comparisions between an individual frame 
and a group of frames. Any other statistical group com- 
parison can also be used to form a display matrix to 
illustrate group differences. This type of analysis. signif- 
icance probability mapping (SPM), enabies the operator 
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to identify significant brain activity features related to 
various neurophysiological illnesses and conditions. 


Grid Sector Analysis 


Frames produced by the SPM procedure may be 
further analyzed by a Grid Sector Analysis (GSA). 
While the frames produced by the SPM procedure 
reflect regional abnormalities, the GSA procedure pro- 
duces numerical measures of the degree of global or 
focal deviations from normal, which can assist in auto- 
matic determination of the existence of regional abnor- 
malities in unknown subjects. 

The first step of the GSA process conceptually re- 
quires the division of a frame into a number of different 
grids, each divided into sectors of a uniform size. 
Within each grid sector, the mean of all values of the 
data points lying within the sector is determined as the 
value of that sector. The process is repeated for grids of 
different fineness. Preferably three grids, of 4000 sec- 
tors, 64 sectors, and 16 sectors respectively, are used. 
Histograms of sector values are then prepared for each 
grid reflecting sector t-statistic or z-statistic values on 
the horizontal axis and numbers of sectors having that 
value on the vertical axis for each grid. Various analyses 
of the histrograms, which differ for focal and global 
abnormalities, will indicate whether an abnormality is 
focal, i.e., localized in one area, or global, i.e., diffused 
over a large part of the brain. One such analysis would 
simply be the observation that the peak number of sec- 
tors for the coarser grids will be at lower z or t values 
in the case of a global abnormality than in the case of a 
focal abnormality. 

In the case of focal abnormalities, there is a marked 
difference in the histograms for the three grids, while in 
the case of global abnormalities, there is little or no 
difference for the three grids. A variety of features can 
be developed from the histograms to serve as possible 
diagnostic rules. The maximum z-value for each grid, 
the maximum amount of asymmetry between homolo- 
gous grid regions, the mean asymmetry between homol- 
ogous grid regions. and the difference between the 
absolute values of the sum of all left hemisphere and all 
right hemisphere values. Also, one can calculate the 
number of regions above certain criterion levels for 
each histogram. 

А group of spectral maps or a series of EP responses 
can be analyzed as an ensemble by forming at each 
matrix point the mean of the values of each map in the 
ensemble. The grid region on each individual map 
showing the largest value is given a score of 4, the next 
largest a score of 2, the third largest a score of 1, and the 
rest a score of 0. The scores are then summed by region 
across all maps in the ensemble, and the regions having 
the three largest scores and their sum are stored as 
indications of focal features. The same process is re- 
peated for the three regions having the greatest asym- 
metries in each image between corresponding grid sec- 
tors. The resulting information can serve as features 
which can be processed using TICAS to develop diag- 
nostic rules to classify unknown subjects between a 
group of normals and a group having a particular dys- 
function. The numerical descriptors generated by GSA, 
when used for statistical analysis are approximately as 
successful in the identification of patients with brain 
tumors as visual inspection of EEG data by expert clini- 
cians. 
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Coefficient of Variation Analysis 


"Given an ensemble of segments of data. the operator 
can determine the mean and the standard deviation of 
each point across the segments. By displaying the stan- 
dard deviations as percentages of mean at each point, 
the coefficient of variation (C/V) across the skull can be 
observed topographically. The normal expect range of 
C/V values is 40-60% and deviations from that range 
are immediately evident from the displays. The C/V 
display is useful in demonstrating head regions where 
there are wide variations in activity, e.g., epileptogenic 
regions. 


Difference Maps 


A display matrix can be formed to represent at each 
point, the difference in value of corresponding points on 
two underlying frames. This permits, for example, dis- 
plays which suggest the regions of the brain activated 
by patterned light, by comparing the frames corre- 
sponding to plain light stimulation and to patterned 
light stimulation. 


Automatic Diagnostic Rules 


Working from significant brain activity features and 
using TICAS-related operations 65, 67, 68 and 69, the 
operator can develop and test diagnostic rules for accu- 
rately classifying unknown subjects between normal 
and abnormal groups. 


Scaling 


Several of the available BEAM system opcrations 
produce color topographic displays. Video monitor 
displays typically involve assigning to each point on the 
display a grey tone of color which represents the value 
of the point. Sixteen tones of color represent 16 differ- 
ent graduated values. For example, red can be used for 
positive values and blue can be used for negative values 
with the grey tone of blue or red indicating the level of 
positive or negative value. An absence of color repre- 
sents zero. In order to maximize the visual effectiveness 
of the display, it is desirable to scale the values of the 
data points to the available color tone levels in such a 
way that the useful variations in value are spread among 
the maximum range of color tones. The scaling can be 
done according to a variety of options. The data points 
can be scaled so that the maximum absolute value of the 
data points over a set of matrices will be equivalent to 
the maximum positive and negative color tones and all 
other points will be scaled linearly to the intermediate 
color tones. Scaling can be done from zero to the maxi- 
mum absolute value. The same scaling technique can be 
accomplished with one or more channels excluded by 
the operator from the scaling process so that unusually 
high value data points will not skew the scaling process. 
Scaling can be done on a matrix by matrix basis rather 
than across a group of matrices. Scaling can be done to 
a maximum value chosen by the operator. In the scaling 
process, any data value which is larger than the bright- 
est available grey color will be truncated and displayed 
as that brightest color. 


Three-Point Linear Interpolation 


Since the data frames to be presented for display 
originally contain a relatively small number of points. 
e.g., 20 points, and the display is preferably of a continu- 
ous matrix of 128 x 128 points, expansion of the data by 
some form of interpolation is required. The expansion is 


72— 


accomplished by three-point linear interpolation. in 
which each display point is determined as a sum of the 
values of the three nearest data points on the original 
data frame. each multiplied by a predetermined coeffici- 
ent which reflects the precise location of the display 5 
point. As an alternative to the software previously de- 
scribed. the calculation of the display point can be done 
on hardware having an extremely short processing 
time, making possible "real-time" displays, that is, each 
display matrix is calculated in a time shorter than the 10 
display time for each display matrix. A detailed descrip- 
tion of the three-point interpolation technique is con- 
tained in U.S. patent application Ser. No. 221,830 
(hereby incorporated by reference). 

Display Features; Multidimensional Display is 

As illustrated in FIG. 32, the each topographic dis- 
play comprises an outline of the skull with an indication 
of its orientation with respect to the ears and позе. АП 
display points outside the outline are suppressed. Within 
the skull outline are displayed the grid of data points, 
each of which reflects a value or values for that point on 
the skull. The number of dimensions of information 
which may be represented by a given point varies with 
the display method. Frequently only one dimension of 25 
information is presented at any point in the form of a 
grey-tone of color on a predetermined grey-tone scale. 
Alternatively additional dimensions may be reflected at 
a point as a unique combination of three colors. Three 
dimensions can be represented by the quantity of each 
of the original colors which is mixed into the combina- 
tion and a fourth dimension could be the lightness or 
darkness of the three. In this manner, for example, spec- 
tral EEG data for four frequency bands of brain activity 
could be displayed simultaneously. A detailed descrip- 
tion of this four-dimensional display is contained in U.S. 
patent application Ser. No. 221,830. 

Whenever displays are cartooned, the operator may 
select the frame rate of display from stationary to ten 
frames per second minimum. The cartoon can also be 
displayed legarithmically with time, so that the later 
matrices are displayed in faster sequence then the earlier 
ones, which visually compensates for the fact that morc 
EP response information is available just after the stim- 
ulus than toward the end of the response period. 
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Examples of System Use 


The brain electrical activity mapping system offers a 
powerful brain diagnostic and research tool by permit- 
ting immediate video display of information about 
steady-state brain waves, EP transient responses, spec- 
tral analyses of EEG signals, and statistical information 
based on these types of data. and the ability to develop 
diagnostic rules from selected features of data. The 
following examples illustrate the versatility and utility 
of the system. 
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Suspected Epilepsy 


Although the "spike and wave" as seen on routine 
EEG graphs is virtuaily diagnostic of epilepsy, over 
10% of all true epileptics fail to demonstrate this abnor- 
mality. Use of special electrodes. sleep studies, and 
activating drugs often fails to produce spikes in true 
epileptics. This means that although an epileptic may 
have brain cortex that is capable of demonstrating suífi- 
cient irritability at times to produce a seizure, that at 
other times it fails to be sufficiently irritative to produce 
à spike on the EEG and thus eludes diagnosis. Topo- 
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graphic display is of great assistance in such situations. 
Such suspected epileptic patients shouid have eyes opea 
(EO) and eyes closed (EC) topographic studies per- 
formed. Irritative cortex presents itself as focal in- 
creases of activity over all frequency bands, especiaily 
the high frequency beta bands. The visual evoked EP 
response (VER) topographic study should also be per- 
formed. Irritative cortex leads to focal increases of both 
positive and negative waves. If the epilepsy is associ- 
ated with an atrophic lesion, a region of reduced EEG 
and EP activity may be found in close association with 
the focal irritability. 

When spikes are found, displays of their topographic 
extent are extremely useful in determining their point of 
origin. In this case, raw EEG data is displayed in car- 
toon form thus delineating the epileptic dipole. 


Suspected Supratentorial Brain Lesion 


Patients are often referred for EEG tests in order to 
rule in or out a lesion of one or both cerebral hemi- 
spheres. This includes tumor, stroke. abscess, atrophy, 
arterio-venous malformation, congenital malformation, 
hemorrhage, regional encephalitis. These subjects 
should be subjected to topographic studies in the eyes 
open and eyes closed brain states, and for the VER and 
bilateral somotosensory evoked response (BSER) EP 
situations. In general these lesions may be recognized 
by the pattern of hypo- or hyperactive cortex that be- 
come visible on the brain electrical activity mapping 
images. For example, tumors show decrease in activity 
early, excessive activities later, and reduced activity at 
the vertex. Brain electrical activity mapping greatly 
adds to the information obtained by radiographic scan- 
ning as it is sensitive to the functional disturbances pro- 
duced by these lesions which usually extend beyond the 
anatomical limits of the lesion. 

To pinpoint abnormalities the technique of signifi- 
cance probability mapping (SPM) should be used. Fur- 
thermore, quantification of a lesion by grid sector analy- 
sis (GSA) is often useful. 

Brain electrical activity mapping is most useful when 
tests must be applied to a large population for screening 
purposes or repeatedly to a single person. Such uses 
would include screening for tumor and stroke, deter- 
mining whether a lesion is increasing or decreasing, and 
assessing the effects of treatment on a lesion. Brain 
electrical activity mapping is completely non-invasive, 
and not dangerous as radiographic techniques would be 
in such circumstances. There is also evidence that many 
lesions produce electrical (functional) disturbances be- 
fore they can be detected by radiographic means. 


Suspected Learning Disabilities 


Brain electrical activity mapping studies are most 
useful in the elucidation of regional abnormalities of 
brain activity found in dyslexia, hyperactivity, dyscal- 
culia, and combinations of the above. For example. 
dyslexia reveals abnormalities not just in the classic left 
temporal lobe speech areas but in the medial frontal 
lobe bilaterally. To demonstrate these abnormalities, 
one needs to perform the full test battery which in- 
cludes: right hemispheric activating tests (the Kimura 
Figures task and listening to music as described else- 
where); left hemispheric activating (listening to speech 
and reading Grey Oral passages as described else- 
where); and bi-hemispheral tests (Paired Associates test 
and the Tight-Tyke evoked potential phenomic dis- 
crimination test as described elsewhere). 
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Automated classification tests to discriminate among 
these clinical entities can be developed. 


Emotional Dysfunction 


Many forms of emotional disorder can be caused by 5 
the lesions mentioned above. Brain electrical activity 
mapping can be more useful in the recognition of covert 
pathology in this patient population than radiographic 
techniques. [n addition, certain forms of psychopathol- 
ogy have recognizable brain electrical activity mapping 
signatures. For example sociopathic behavior is associ- 
ated with lack of synchrony between the frontal lobes; 
e.g., the VER may show different electrical polarity 
between the right and left frontal lobes. Schizophrenia 
shows markedly increased EEG slow activity overly- 
ing the frontal regions. In this group of subjects, the 
eyes open and eyes closed EEG and VER studies are 
most useful. 

Infant Competence 20 

Discrimination between babies at risk for future 
learning and emotional problems is a frequent clinical 
request. Brain electrical activity mapping has proven 
useful in accomplishing such discrimination. In addition 
to studying the EEG and VER in Stages | and 2 sleep, 
the EEG should be studied while the babies are brought 
into the alert state and maintained there as discussed 
elsewhere. Less competent babies, for example, show 
paradoxical increases in frontal delta slowing as they 
are alerted. 
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Suspected Dementia 


Senile and pre-senile dementia represent a major 
problem for gerontologists and neurologists. Radio- 
grapic evidence of brain abnormality may not be found 
until the clinical symptom complex is well established. 
On the other hand, brain electrical activity mapping 
studies demonstrate early abnormalities in a non-inva- 
sive manner. The best battery of tests is similar to those 
described above for suspected learning disabilities, but 
generally the tight-tyke EP is replaced by another EP 
where the subject must discriminate between frequently 
and infrequently heard tone pips of differing frequency. 
A difference EP between the Tesponse to the two differ- 
ent tone pips is produced. The topographic display of 45 
the difference EP shows a marked reduction in demen- 
tia and may be used to follow the course of dementia 
and the response of dementia to pharmacotherapies. 
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Headache 


Headache may be caused by many factors. Brain 
electrical activity mapping is very useful to screen out 
serious lesions of the types described as supratentorial 
lesions above. The specific syndrome of migraine head- 
ache has a frequently seen pattern on brain electrical 
activity mapping of excessive 8-11 Hz Occipital oscilla- 
tions and excessive occipital activity. It is best to use the 
EO and EC EEG and VER for headache. Occasionally 
the BSEP is useful. 


Comparison of Individual to Group 


50 
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As described above, the brain electrical activity map- 
ping system is generally able to Compare an individual 
statistically to a group and display the result topograph- 
ically. In a clinical setting, the individual in question, 
who may have displayed a normal CT scan, is com- 
pared to an age matched/sex matched group of пог- 
mals, and abnormalities are then displayed in color- 


65 


24 
mapped form, wherein bright colors show high abnor- 
mality and dull colors show insignificant abnormality. 
This technique provides an effective diagnostic tool. 


Comparisons of Groups; Automatic Diagnosis Rules 


The result of a group comparision under the system is 
а topographic display of statistical difference expressed 
as t-statistics, which when coupled with the number of 
degrees of freedom available in the calculation, produce 
a probability level of significant difference between two 
groups at a particular brain state. For instance, a group 
of normals could be compared to a group of schizo- 
phrenics by the creation of t-statistic displays with re- 
Spect to a variety of brain states and stimuli. The user 
looks for displays which exhibit high degrees of coher- 
ence and statistica] difference. This is normally shown 
оп a screen in color. The larger statistical differences 
appear as brighter colors. The degree to which the 
differences are focused at particular points or diffused 
over the skull is also apparent. Smoothness in the lines 
dividing areas of different brightness suggests focused 
differences, while diffuse differences are suggested by 
ragged edges between dim and bright areas. It is possi- 
ble for the researcher, upon selection of a particular 
map that shows something interesting, to save the ma- 
trix for later analysis. Such a saved matrix of t-statistics 
can be used to non-linearly weight the underlying data 
frames to create features which can be analyzed using 
TICAS. Once a set of saved frames representing group 
difference information is accumulated, he then converts 
all of the saved information, representing features 
which tend to distinguish the two groups into a file 
format which is suitable for analysis by TICAS, which 
is a multi-variate classification system, publicly avail- 
able from the University of Arizona, courtesy of Dr. 
Peter H. Bartell. 

TICAS is designed to sift through all of the features 
saved in the course of the inter-group analysis and pick 
those which prove to be the most discerning mathemati- 
cally to produce a set of features which succinctly al- 
lows automatic diagnosis of a patient. 

This procedure has been used to successfully discrim- 
inate between normal subjects and those with dyslexia, 
to discriminate between normal subjects and those with 
supertentorial brain tumor, and to discriminate between 
subjects with exposure to organophosphate compounds 
and nonexposed controls. 


Dyslexia Analysis 


An article, Dyslexia Regional Differences in Brain 
Electrical Activity by Topographic Mapping. Duffv et al. 
(Annals of Neurology. Vol. 7, No. 5, May, 1980). 
hereby incorporated bv reference, describes the use of 
the brain electrical activity mapping system to identify 
the parts of the brain whose electrical activity differs 
for individuals suffering from reading disability (dys- 
lexia) as compared with normal individuals, and to es- 
tablish objective standards for diagnosing dyslexia. The 
previously described battery of brain state tests werc 
administered to a dyslexic group and a control group. 
Visual and auditory stimuli were repeatedly presented 
to both groups and recorded with the appropriate trial 
markers. The stimuli were offered in pseudorandom 
fashion. Using the brain electrica! activity mapping 
system, topographic displays of the alpha (8 to 11.75 
Hz) and theta (4 to 7.75 Hz) activity at each electrode 
for each tested brain state for each subject were pro- 
duced. Similar cartoons of 128 frames (4 milliseconds 
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each) were prepared for each type of EP response for 
each subject. The resulting brain state frames and EP 
response frames for the dyslexic group and the control 
group were then averaged to form mean frames of each 
group for each state and stimulus. The two groups of 5 
mean images were then compared using the t-statistic 
function. A further transformation produced a matrix of 
percentile index values (PI) whose value is related in- 
versely to t-values. The PI values permit a graphic 
localization of regions of maximum difference between 
the dyslexic group and the control group. By topo- 
graphically displaying the PI matrices for alpha and 
theta for each brain state and for each EP stimulus, it 
was possible to identify the brain regions which differed 


between the dyslexics and the controls. As a final step, 15 


a new display matrix was formed which summarized the 
differences reflected in all of the PI matrices as indi- 
cated by the occurrence of a certain PI level on at least 
one of the underlying PI matrices. The map of PI differ- 
ences having a value of at least 2 identified four brain 
areas related to dyslexia: (1) bilateral medical frontal, 
(2) left anteriolateral frontal, (3) left mid-temporal and 
(4) left posterolateral quadrant. Classic concepts of 
dyslexia had not suggested the involvement of all of 
these brain areas in dyslexics. The study also indicated 
that alpha brain activity was involved in dyslexia as 
well as the theta activity which has previously been 
viewed as of primary importance. 

In Dyslexia: Automated Diagnosis by Computerized 
Classification of Brain Electrical Activity, Duffy et al. 
(Annals of Neurology, Vol. 7, No. 5, May, 1980) hereby 
incorporated by reference, specific highly effective 
diagnostic rules for identifying dyslexics were devel- 
oped by a rule selection process applying TICAS soft- 
ware to the brain wave data derived in the study де- 
scribed immediately above. Working from displays of 
brain electrical activity, 183 features were identified for 
particular regions and brain states in which the stron- 
gest differences between the dyslexic group and the 
normal group occurred. Two of the 183 features were 
identified as capable of classifying unknown subjects as 
dyslexic or normal with a success of 80-90%. 


Localization of Tumor 


In Brain Electrical Activity Mapping (В.Е.А.М.); А 
Method for Extending the Clinical Utility of EEG and 
Evoked Potential Data, Duffy, et al (Annals of Neurol- 
ову, Vol. 5, No. 4, April, 1979), hereby incorporated by 
reference, the use of brain electrical activity mapping 
system topographic displays to identify the location of a 
brain tumor was discussed. Spectral EEG data in the 
four classic bands (delta, theta, alpha, and beta) was 
recorded for various tested brain states. Average EP 
response data for strobe light stimuli comprising 128 
time frames of 4 milliseconds each was also recorded. 
After three-point linear interpolation to expand the 
matrix, displays of spectral EEG data, and cartooned 
EP data were obtained. FIG. 5 of the article illustrates 
the spectral EEG displays in the four classic bands of 
brain activity for a patient with a known tumor, which 
had been located by CT scanning. The assymmetries in 
the spectral displays also identify the area of the tumor, 
although the suggested lesion size was larger than indi- 
cated by CT scanning. Analysis of 7 tumor patients, 
whose classic EEG's were normal or non-localizing, 
showed that brain electrical activity mapping studies 
were able to define the lesions almost as effectively as 
CT scan. 
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Use of Significance Probability Mapping with 
B.E. A.M. to Compare Groups and Compare 
Individuals to Groups 


In Significant Probability Mapping: An Aid in the Topo- 
graphic Analysis of Brain Electrical Activity, Duffy et al., 
accepted for publication the authors describe the use of 
topographical displays of statistical transformations of 
data. In one application, EP response data was obtained 
from a group of subjects with brain tumors and a second 
control group of subjects. The data was broken into 
sequential frames of 4 milliseconds each. For the con- 
trol group, new matrices of mean and variance of each 
electrode over all members of the group were prepared. 
A z-statistic matrix was formed for each tumor subject 
to illustrate his deviation from the normal population. 
Using the z-statistic display a clinical neurophysiologist 
was able to identify 11 of 12 tumor subjects. 

In a second application, discussed in the same article, 
EEG steady-state signals were recorded for three dif- 
ferent brain states (resting but alert with no external 
stimulation, listening to a tape recording of speech, and 
listening to a tape recording of music) for individuals in 
a group of dyslexics and individuals in a group of nor- 
mai readers. Matrices of alpha band activity were pro- 
duced for each individual, and mean and variance ma- 
trices for each state were prepared for each of the two 
groups. For each group t-statistic matrices were formed 
to compare the resting and listening to speech states and 
the resting and listening to music states. By examining 
the t-statistic displays for the two groups it was possible 
to infer the differences in speech-induced and music- 
induced brain activity between the dyslexics and the 
normal readers. Those determinations could not have 
been made from ап analysis of the underlying EEG 
alpha matrices. 


Use of Grid Sector Analysis of B.E.A.M. SPM Data to 
Determine Degree of Focal or Global Deviation From 
Normal 


In an unpublished article, “Quantification of Focal 
Abnormalities in BEAM Data by Grid Sector Analysis: 
Automated discrimination Between Normal Subjects 
and Patients with Supratentorial Brain Tumor", Duffy, 
et al., describes uses of grid sector analysis as part of the 
brain electrical activity mapping system for the purpose 
of automated neurophysiological diagnosis of brain 
tumor. In this application, EEG and visual EP data 
were recorded from a group of patients with confirmed 
supratentaríal brain tumor and from a control group. 
SPM matrices were prepared comparing the tumor 
subjects to a normal group and comparing the control 
group to the tumor group. Four 96 millisecond time 
periods of EP data were analyzed. Grid scctor analyses 
on the data resulted in а set of 1096 combined glohal and 
focal features from the combined EEG and EP data. By 
a process of features selection and rule development and 
testing, two features were identified as most useful in 
distinguishing the tumor subjects from the control sub- 
jects. When classification rules developed on the initial 
group of 30 subjects were applied to a new group of 10 
subjects, containing 5 normals and 5 subjects with brain 
tumor, all ten were correctly classified. 


Other Embodiments 


Other embodiments of the invention are within the 
following claims. For example, the input data may be 
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obtained from any type of transducer сарзое of mea- 
suring brain eicctrical activity, and 

topographic displays can be prepared from the signals 
taken from the skull. without interpolation of additional 
points to form a display matrix. 


Related Applications 


This applization is related to the following applica- 
tions, each of which is hereby incorporated by refer- 
ence: 


(1) Frank H. Duffy. Brain Electrical Activity Mapping 
(BEAM) | 

(2) Norman David Culver, Brain Electrical Activity 
Mapping (BEAM) 

(3) Norman David Culver, Analysis of Brain Electrical 
Activity 

(3) Norman David Culver, Apparatus and Method for 
Topographic Display of Multichannel EEG Data, 
U.S. Ser. No. 221,830. 


What is claimed is: 

1. Apparatus for generating a topographic display of 
information on the electrical activity of the brain, said 
apparatus comprising 

a plurality of electrical-activity transducers adapted 
to be piaced at spaced apart locations on the skull 
of a patient, 

stimulus means for repeatedly providing a sensory 
stimulus for activating the brain to produce EP 
responses to said transducers, 

response averaging means connected to be responsive 
to said transducers, to produce average responses 
for each transducer, 

processing means connected to be responsive to said 
averaging means for processing said average re- 
sponses to generate a time sequence of matrices, 

display means connected to be responsive to said 
Processing means, for displaying said matrices as a 
time sequence of topographic maps of the skull, 
said matrice having elements defining discrete 
points of said maps, 

Saiz display means including means for displaying 
said topographic maps at a variable frame rate, said 
maps corresponding to different portions of said 
average responses being displayed respectively at 
different selected frame rates. 

2. The apparatus of claim 1 wherein said display 
means includes means for displaying maps correspond- 
ing to initial portions of said average responses at a 
slower rate than maps corresponding to later portions 
Of said average responses. 

3. The apparatus of claim 1 wherein said display 
means includes means to display said topographic maps 
at a frame rate that varies logarithmically. 

4. Apparatus for generating a topographic display of 
information on the electrical activity of the brain, said 
apparatus including 

a plurality of electrical-activity transducers adapted 
to be placed at spaced apart locations on the skull, 

processing means connected to be responsive to said 
transducers, for processing responses of said trans- 
ducers to generate a time sequence of matrices, 
each of said matrices having elements representing 
the instantaneous amplitudes of said responses at 
various locations on the skull and there being а 
sufficient number of said matrices for a selected 
ume period of actual brain activity for capturing 
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Onset of a transient event that occurs with а rapid- 
ity on the order of that of an epileptic spike. 

Said processing means including means to generate 
from said time sequence of matrices a running- 
average matrix which at any given time represents 
the current matrix averaged with a selected num- 
ber of the matrices preceding it in time, 

display means connected to be responsive to said 
processing means, for displaying said matrices as a 
time sequence of topographic maps of the skull, 
said clements defining discrete points of said ma- 
trice having maps, 

said display means including means for displaying 
said topographic maps at a variable frame rate and 
for selectably slowing said frame rate to permit 
Observation of said transient event. 

5. The apparatus of claim 4 wherein said processing 
means includes means for generating 200 or more marri- 
ces for each second of real time. 

6. Apparatus for generating a topographic display of 
information on the electrical activity of the brain, said 
apparatus comprising 

a plurality of electrical-activity transducers adapted 
10 be placed at spaced apart locations on the skull 
of a patient, 

Storage means connected to be responsive to said 
transducers for storing responses of said transduc- 
ers during first and second time periods, 

processing means connected to be responsive to said 
transducers, for processing said responses to gener- 
ate first and second matrices each having elements 
representing brain activity at different skull loca- 
tions, said first matrix representing information on 
brain activity during said first period, and said 
second matrix representing information on brain 
activity during said second period, 

different means connected to be responsive to said 
processing means, for forming a difference matrix 
having elements each corresponding to the differ- 
ence between corresponding elements of said first 
and second matrices, 

display means connected to be responsive to said 
different means, for displaying said different matrix 
as a topographic map of the skull, said matrix ele- 
ments each forming a discrete point of said topo- 
graphic map. 

7. The apparatus of claim 6 further comprising stimu- 
lus means for providing a sensory stimulus to generate 
an EP response and wherein at least one of said first and 
second periods of time are during said EP response. 

8. Apparatus for generating a topographic display of 
information on the electrical activity of the brain, said 
apparatus comprising 

a plurality of electrical-activity transducers adapted 
10 be placed at spaced apart locations on the skull 
of a patient, 

stimulus means for repeatedly generating a sensory 
stimulus for the brain, to produce at said transduc- 
ers repeated segments of дага, each said segment 
having a pre-stimulus response and a post-stimulus 
response, 

response averaging means connected to be responsive 
to said transducers, for averaging said segments to 
produce average pre-stimulus and average post- 
stimulus responses for each transducer, 

baseline means connected to be responsive to said 
responsive averaging means, for determining a zero 
baseline for said average segments from the mean 
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level of at least a portion of the respective average 
pre-stimulus response, and 

subtraction means connected to be responsive to said 

baseline means, for generating zeroed average seg- 
ments by subtracting from each average segment 5 
the zero baseline determined by said baseline 
means. 

processing means connected to be responsive to said 

subtraction means, for processing said zeroed aver- 
age segments to generate one or more matrices. 
each said matrix having element representing infor- 
mation on the electrical activity of the brain at one 
location on the skull, 

display means connected to be responsive to said 

processing means. for displaying said one or more 
matrices as topographic maps of the skull, said 
matrix elements forming discrete points of said 
maps. 

9. The apparatus of claim 8 further comprising 

means connected to be responsive to said stimulus 

means, for storing the time of occurrence of each 
said stimulus and 

means connected to be responsive to said means for 

storing, for dividing each said segment into a pre- 
determined pre-stimulus subinterval during which 
the pre-stimulus response occurs and a predeter- 
mined post-stimulus subinterval during which the 
post-stimulus response occurs, by using said stored 
times of stimuli occurrence as an indication of the 
boundary between said subintervals. 

10. The apparatus of claim 8 wherein said processing 
means includes means to generate from said zeroed 
average segments a time sequence of said matrices, the 
display elements of each matrix representing the instan- 
taneous amplitude of an EP response at various loca- 35 
tions on said skull, and 

said display means includes means for displaying said 

matrices in sequence, to thereby display said EP 
response as a time-varying topographic map. 

11. The apparatus of claim 10 wherein said processing 40 
means includes means to generate said sequence of ma- 
trices in an endless loop, to thereby produce a cyclical 
display of said EP response. 

12. The apparatus of claim 8 further comprising sam- 
pling means connected to be responsive to said trans- 
ducers, for sampling and storing as a sequence of digital 
words said segments, and wherein said response averag- 
ing. baseline, and subtraction means all include means 
for performing the respective functions digitally. 

13. The apparatus ог claim 12 wherein said response 
averaging means includes 

a summing buffer connected to be responsive to said 

sampling means, and having locations for storing 
cach said sampled digital word for each transducer 
and 

means connected to be responsive to said sampling 

means, for adding to said buffer locations new 
digital words corresponding to each new segment, 
to thereby generate said average pre- and post- 
stimulus responses. 

14. The apparatus of claim 13 wherein said sampling 
means includes means for taking from 20 to 2000 equal- 
ly-spaced-in-time samples of said pre-stimulus response 
and for taking 20 to 2000 equally-spaced-in time samples 
of said post-stimulus response. 

15. The apparatus of claim 13 further comprising 
means connected to be responsive to said sampling 
means, for comparing said new digital words to prede- 
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termined limits and rejecting digital words falling out- 
side said limits. thereby not adding said words to saic 
buffer locations. 

16. The apparatus of claim 12 further comprising 
means connected to be responsive to said transducers. 
for filtering high-frequency components from the post- 
stimulus response for any selected transducer by multi- 
point interpolation of the digital words for the selected 
response. 

17. The apparatus of claim 8 wherein said baseline 
means includes means for selectively eliminating from 
the mean level computation portions of an average 
pre-stimulus response for a selected transducer, to 
thereby provide a more accurate baseline for the re- 
sponse of the selected transducer. 

18. The apparatus of claim 8 further comprising 
means connected to be responsive to said baseline 
means, for displaying said pre-stimulus and post- 
stimulus responses and said baseline for a selected trans- 
ducer, to permit an operator to evaluate the appropri- 
ateness of said baseline. 

19. The apparatus of claim 8 wherein 

said baseline means includes means for calculating the 

root mean square average value of the average 
pre-stimulus response and of the average post- 
stimulus response and 

said display means includes means for displaying said 

root mean square average values along with said 
responses, 

whereby such root mean square value can be used in 

connection with said displayed responses to evalu- 
ate whether the noise level in the responses for any 
particular transducer is unacceptably large and for 
thereby determining whether new data should be 
taken. 

20. The apparatus of claim 8 or 19 further comprising 
means connected to be responsive to said baseline 
means, for an operator to adjust the baseline value up or 
down for any selected transducer average response. 

21. The apparatus of claim 8, 18, or 20 further com- 
prising means connected to be responsive to said base- 
line means, for repeating the steps of calculating said 
baseline and viewing said responses for selected trans- 
ducers, whereby adjustments can be made to said base- 
line until said responses are satisfactory. 

22. Apparatus for generating a topographic display of 
information on the electrical activity of the brain, said 
apparatus comprising 

a plurality of electrical-activity transducers adapted 

to be placed at spaced apart locations on the skull 
of a patient or measure the EEG response at said 
locations, 

sampling means connected to be responsive to said 

transducers, for sampling said EEG responses dur- 
ing time intervals shorter than the anticipated inter- 
val between interruptions in the state of brain activ- 
ity, 

spectral processing means connected to be responsive 

to said sampling means. for computing. for each of 
said transducers, the Fourier transforms of the 
sampled EEG responses and for computing from 
said Fourier transforms. for each of said transduc- 
ers, the spectral energy contained in selected fre- 
quency bands. 

processing means connected to be responsive to said 

spectral processing means, for processing the out- 
put of said spectral processing means to generate 2 
plurality of matrices. one said matrix for each se- 
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lected frequency band. each said matrix having 
elements each of which represents the spectral 
energy within the respective frequency band at one 
location on the skull, 

display means connected to be responsive to said 

processing means, for displaying said matrices as 
topographic maps of the skull, said matrix elements 
forming discrete points of said maps. 

23. The apparatus of claim 22 wherein said sampling 
means is arranged for sampling and Storing as a se- 
quence of digital words selected portions of said EEG 
responses, and wherein said spectral processing means 
includes means for digitally performing said Fourier 
transform determination. 

24. The apparatus of claim 23 wherein said sampling 
means includes means to sample said EEG responses at 
at least 3 times the highest frequency in said selected 
frequency bands. 

25. The apparatus of claim 24 wherein said sampling 
means includes means to sample said EEG responses at 
from 4 to 5 times said highest frequency. 

26. The apparatus of claim 22 wherein said sampling 
means includes marking means for storing the start and 
stop times of a particular brain activity. 

27. The apparatus of claim 22 wherein a time maxi- 
mum interval for sampling said EEG responses is on the 
order of two seconds. 

28. The apparatus of claim 22 wherein said sampling 
time interval of said EEG responses is from 0.1 to 4.0 
seconds long. 

29. The apparatus of claim 22 further comprising 
averaging means connected to be responsive to said 
spectral processing means, for averaging said Fourier 
transforms to generate, for each transducer, the average 
spectral energy contained within said frequency bands. 

30. The apparatus of claim 22 wherein said frequency 
bands comprise the alpha, beta, delta, and theta bands. 

31. The apparatus of claim 22 further comprising 
filtering means connected to be responsive to said trans- 
ducers, for removing from said EEG responses fre- 
quency components outside the prominent frequency 
bands of brain electrical activity. 

32. The apparatus of claim 31 wherein said filtering 
means includes means for removing from said EEG 
responses at least frequency components below 0.5 Hz 
and above 50 Hz. 

33. The apparatus of claim 31 wherein said filtering 
means includes means for removing from said EEG 
responses at least frequency components below 0.5 Hz 
and above 1000 Hz. 

34. The apparatus of claim 31 wherein said filtering 
means includes means for removing from said EEG 
responses at least frequency components below 300 Hz 
and above 5000 Hz. 

35. The apparatus of claim 22 wherein said spectral 
processing means includes means for tapering the begin- 
ning and end portions of said responses prior to determi- 
nation of the Fourier transform to reduce high fre- 
quency artifacts. 

36. Apparatus for generating a topographic display of 
information of the electrical activity of the brain, said 
apparatus comprising 

a plurality of electrical-activity transducers adapted 

to be placed at spaced apart locations on the skull 
of a рацег: 

Processing means connected to be responsive to said 

transducers, for processing electrical responses 
measured af said transducers, said processing 
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means including means for generating one or more 
matrices, each matrix containing a plurality of ele- 
ments, said elements representing information on 
the electrical activity of the brain at particular skull 
locations, 

Statistical processing means connected to be respon- 
sive to said processing means, for processing at 
least two said matrices to generate a statistical 
comparison matrix having elements, each element 
being representative of a statistical difference be- 
tween the corresponding elements in said two ma- 
trices, 

display means connected to be responsive to said 
Statistical processing means, for displaying said 
statistical comparison matrix as a topographic map 
of the skull, said matrix element forming discrete 
points of said map. 

37. The apparatus of claim 36 further comprising 
interpolation means connected to be responsive to said 
statistica! processing means, for expanding said statisti- 
са! comparison matrix to a larger matrix prior to dis- 
Play, and larger matrix having additional statistical 
comparison elements for skull locations intermediate 
said transducer locations, said additional elements being 
generated by interpolation from the elements of said 
Statistical comparison matrix. 

38. The apparatus of claim 36 further comprising 
interpolation means connected to be responsive to said 
processing means, for expanding said matrices to larger 
matrices prior to said statistical processing, said larger 
matrices having additional elements for skull locations 
intermediate said transducer locations, said additional 
elements being generated by interpolation from the 
elements of said matrices. 

39. The apparatus of claim 36 wherein said statistical 
processing means includes means to generate as said 
statistical comparison matrix a matrix of t values герге- 
senting the statistical difference between a first and a 
second group of matrices, each group having matrices 
having a plurality of elements. 

40. The apparatus of claim 39 wherein said statistical 
Processing means includes 

means connected to be responsive to said means to 
generate a matrix of t values, for generating a first 
mean-value matrix having elements which are rep- 
resentative of the mean values of the respective 
elements the matrices said first group, 

means connected to be responsive to said means to 
generate a matrix of t values, for generating a first 
standard-deviation matrix having elements which 
are representative of the standard deviations of the 
respective elements of the matrices of said first 
group, 

means connected to be responsive to said means to 
Benerate a matrix of t values, for generating a sec- 
ond mean-value matrix having elements which are 
representative of the mean values of the respective 
elements of the matrices of said second group. 

means connected to be responsive to said means to 
generate a matrix of t values, for generating a sec- 
Ond standard-deviation matrix having elements 
which are representative of the standard deviations 
of the respective elements of the matrices of said 
second group. 

means connected to be responsive to said means to 
generate a matrix of t values, for generating said 
matrix of t values from said first and second mean- 
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value matrices and said first and second standard- 
deviation matrices. 

41. The apparatus of claim 36 wherein said statistical 
processing means includes means to generate as said 
statistical comparison matrix a matrix of z values repre- 
senting the statistical difference between one matrix and 
a group of matrices. 

42. The apparatus of claim 41 wherein said statistical 
processing means includes 

means connected said means to generate a matrix of z 

values, for generating a first matrix representative 
of the mean of said group of matrices, 

means connected said means to generate a matrix of z 

values, for generating a second matrix representa- 
tive of the standard deviation of said group of ma- 
trices, 

said matrix of z values being generating from said one 

matrix and said first and second matrices, each of 
said matrices having a plurality of elements. 

43. The apparatus of claim 42 wherein said first ma- 
trix is representative of the mean of a normalized refer- 
ence population. said second matrix is representative of 
the standard deviation of said population, and the ele- 
ments of said matrix of z values are thereby representa- 
tive of the number of standard deviations by which the 
elements of said one matrix differ from the mean of said 
population. 

44. The apparatus of claim 36 further comprising 

means connected to be responsive to said statistical 

processing means, for producing from said statisti- 
cal comparison matrix one or more quantitative 
features which are each determined by processing 
the elements within selected regions of said statisti- 
cal matrix, 

means connected to be responsive to said means for 

producing features, for determining a statistical 
merit value for selected features, 

means for determining how to combine said features 

to form decision rules, and 

means connected to be responsive to said means for 

determining, for classifying individuals using said 
decision rules. 

45. Apparatus for generating a topographic display of 
information on the electrical activity of the brain, said 
apparatus comprising 

a plurality of electrical-activity transducers adapted 

to be placed at spaced apart locations on the skull 
of a patient, 
statistical processing means connected to be respon- 
sive to said transducers, for processing responses at 
said electrical-activity transducers to generate a 
coefficient-of-variance matrix, said matri having 
element each of which represents the normalized 
standard deviation of the responses at one skull 
location, the normalized standard deviation being 
the standard deviation divided by the mean, 

display means connected to be responsive to said 
statistica] processing means, for displaying said 
coefficient-of-variance matrix as a topographic 
map of the skull, thereby providing a map of the 
level of variation in brain activity. 

46. Apparatus for generating a topographic display of 
information on the electrical activity of the brain, said 
apparatus comprising 

a plurality of electrical-activity transducers adapted 

to be placed at spaced apart locations on the skull 
of a patient, 
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34 
processing means connected to be responsive to said 
transducers. for generating from responses mea- 
sured at said transducers a time sequence of first 
matrices, each said first matrices having display 
elements representing the instantaneous response at 
various locations on said skull, 

temporal interpolation means connected to be respon- 

sive to said processing means, for generating by 
interpolation second matrices interspersed in said 
sequence of first matrices, said second matrices 
having elements representing the approximate re- 
sponse at instants of time intermediate the instants 
of time associated with said first matrices, 

display means connected to be responsive to said 

processing means, for displaying said first matrices 
and said interspersed second matrices as a time 
sequence of topographic maps of the skull, said 
matrix elements forming discrete points of said 
maps, said second matrices enhancing the visual 
smoothness of the transitions over time between 
said first matrices. 

47. Apparatus for generating a topographic display of 
information on the electrical activity of the brain, said 
apparatus comprising 

a plurality of electrical-activity transducers adapted 

to be placed at spaced apart locations on the skull 
of a patient, 

processing means connected to be responsive to said 

transducers, for generating one or more matrices 
from the responses measured at said transducers, 
each matrix having elements representing informa- 
tion on electrical activity of the brain at one loca- 
tion on the skull, 

display means connected to be responsive to said 

processing means, for displaying said matrices as 
topographic maps of the skull, said matrix elements 
forming discrete points of said maps, 

waveform quality control means for previewing said 

transducer responses or processed versions thereof, 
said quality control means including at least two of 
the following means 

means for tagging a response with information on its 

waveform quality, including an indication of 
whether the response should be used in later pro- 
cessing, 
means at the discretion of the operator for eliminating 
a response from further processing. 

means for automatically eliminating a response from 
further processing if a portion thereof exceeds a 
predetermined threshold, 

means for smoothing a response to eliminate unde- 

sired high frequency components, 

means for adjusting a zero baseline of a response, said 

zero baseline having been previously set automati- 
cally, 

means for eliminating selected portions of a response 

from further processing, and 

means for displaying in numerical form the value of a 

response at a point in time selected by the operator. 

48. Apparatus for generating a topographic display of 
information on the electrical activity of the brain, said 
apparatus comprising 

a plurality of electrical-activity transducers adapted 

to be placed at spaced apart locations on the skull 
of a patient, š 

means connected to be responsive to said transducers, 

for sampling responses measured at said transduc- 
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ers and storing the sampled responses as a series of 
data matrices. one matrix for each sampling time. 

means connected to be responsive to said means for 
sampling. for selectively viewing the sampled re- 
sponses corresponding to a single transducer as a 
plot of transducer output versus time, 

quality control means for adjusting portions of said 

selectively viewed responses or eliminating said 
responses from further processing, 
processing means connected to be responsive to said 
means for sampling, for processing said data matri- 
ces to generate one or more processed matrices, 
said processed matrices having elements each cor- 
responding to one transducer location, 

interpolation means connected to be responsive to 
said processing means, for generating expanded 
matrices by expanding the number of elements in 
said processed matrices to provide elements corre- 
sponding to skull locations intermediate said trans- 
ducer locations, 

display means connected to be responsive to said 

interpolation. means, including a video monitor 
capable of generating a matrix of grey tones for 
displaying said expanded matrices as topographic 
maps of the skull. said expanded matrices having 
elements defining the grey tones of discrete points 
on said maps. 

49. The apparatus of claim 48 further comprising 
matrix storage means connected to be responsive to said 
means for sampling, processing means, and interpola- 
tion means, for tagging selected data, processed, or 
expanded matrices and storing them for later recall and 
processing. 

50. The apparatus of claim 48 further comprising 
means connected to be responsive to said transducers, 
for storing calibration responses from said transducers 
and means for calibrating said responses matrices by 
determining from said stored calibration responses a 
DC offset and gain for each said transducer. 

51. Apparatus for generating a topographic display of 
information on the electrical activity of the brain, said 
apparatus comprising 

a plurality of electrical-activity transducers adapted 

to be placed at spaced apart locations on the skull 
of a patient, 
processing means connected to be responsive to said 
transducers, for processing responses measured at 
said transducers to generate one or more matrices, 
each matrix having elements representing informa- 
tion on brain activity at different skull locations, 

display means connected to be responsive to said 
processing means, for displaying said one or more 
matrices as topographic maps of the skull, said 
matrix elements forming discrete points of said 
maps, said display means including a video monitor 
which generates a visible grey tone at each said 
discrete point, said tone being variable from а maxi- 
тит tone to а minimum tonc. and 

scaling means connected to be responsive to said 

processing means, for scaling said matrix elements 
to the available tones. 

52. The apparatus of claim 51 wherein 

said video monitor generates a zero tone intermediate 

said maximum and minimum tone and 

said scaling means comprises at least two of the foi- 

lowing means 

means connected to be responsive to said processing 

means, for scaling the maximum matrix element to 
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the maximum tone and the minimum matrix ele- 
ment to the minimum tone and linearly interpolat- 
ing inbetween. | 

means connected to be responsive to said processing 
means, for scaling the maximum matrix element to 
the maximum tone and the minimum matrix ele- 
ment to the zero tone and linearly interpolating 
inbetween, 

means connected to be responsive to said processing 

means, for scaling the maximum matrix element to 
an operator supplied tone, 

means connected to Бе responsive to said processing 

means, for scaling the minimum matrix element to 
an operator supplied tone, 

means connected to be responsive to said processing 

means, for excluding from the scaling operation 
selected unusually high or low valued matrix ele- 
ments and for assigning to matrix elements that fall 
outside the available tone гапре the closer of the 
maximum or minimum tone. 

53. The apparatus of claim 51 wherein said video 
monitor generates colored grey tones of a first and a 
second color, with grey tones of said first color forming 
Said grey tones between said maximum tone and said 
zero tone, with grey tones of said second color forming 
said grey tones between said minimum tone and said 
zero tone, and with the absence of a color tone forming 


said zero tone. 


54. The apparatus of claim 53 wherein said two colors 
are complementary colors. 

55. The apparatus of claim 53 wherein there are at 
least 6 grey tones of each of said two colors. 

56. The apparatus of claim 51 wherein there are a 
plurality of said matrices to be displayed and said scal- 
ing means includes means for independently performing 
said tone scaling for each matrix dísplayed. 

57. The apparatus of claim 51 wherein there are a 
plurality of said matrices to be displayed and said scal- 
ing means includes means for scaling with respect to the 
display elements in all said matrices so that the scaling 
remains the same for each matrix displayed. 

58. The apparatus of claim 51 further comprising 
preview means connected to be responsive to said trans- 


ducers, for viewing selected segments of the transducer 


responses and for tagging selected segments for exciu- 
sion from the scaling operation and wherein said scaling 
means includes means for identifying the presence of 
said tagging and for excluding data so tagged from said 
scaling operation. 

59. Apparatus for generating a topographic display of 
information on the electrical activity of the brain. said 
apparatus comprising 

a plurality of electrical-activity transducers adapted 

to be placed at spaced apart locations on the skull 
of a patient, 
processing means connected to be responsive to said 
transducers, for processing responses measured at 
said transducers to generate one or more matrices, 
each matrix having elements representing informa- 
tion on brain activity at different skull locations, 

display means connected to be responsive to said 
processing means, for displaying said one or more 
matrices as a topographic map of the skull, said 
matrix elements forming discrete points of said 
map, said display means including a video monitor 
which generates a tone at each said discrete point, 
said tone varying from a maximum tone to a mini- 
тит tone, 


normalizing means connected to be responsive to said 
processing means, for normalizing said matrix еје- 
ments to a selected value, and 

scaling means connected to be responsive to said 
processing means, for scaling said matrix elements 
to the available tones, said scaling means including 
means for assigning a selected tone to said selected 
normalization value. 

60. The apparatus of claim 59 wherein said normaliz- 
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ing means includes means for normalizing said matrix 10 


elements to the matrix element representing brain elec- 
trical activity at the vertex. 

61. The apparatus of claim 59 wherein said normaliz- 
ing means includes means for normalizing each individ- 
ual matrix element to the root mean square value of the 
background electrical activity at the skull location rep- 
resented by the individual matrix element. 

62. The apparatus of claim 59 wherein said normaliz- 
ing means includes means for normalizing said matrix 
elements to the average root mean square value of the 
background electrical activity over al] skull locations. 

63. The apparatus of claim 59, 60, 61 or 62 further 
comprising 

stimulus means for repeatedly providing a sensory 

stimulus for the brain, to produce repeated EP 
responses at said transducers, 

response averaging means connected to be responsive 

to said transducers, for averaging said repeated 
responses for each transducer to produce an aver- 
age response for each transducer, and 

wherein said processing means includes means for 

generating from said average responses a time se- 
quence of said matrices, and 

said display means includes means for displaying said 

matrices in sequence. 

64. The apparatus of claim 59 wherein 

there is further provided spectral processing means 

connected to be responsive to said transducers, for 
computing the Fourier transforms of the responses 
measured by said electrical-activity transducers 
and for computing from said Fourier transforms 
the spectral energy contained in selected frequency 
bands, 

said processing means includes means for processing 

the output of said spectral processing means to 
generate a plurality of matrices, one said matrix for 
each selected frequency band, each matrix having 
elements representing the spectral energy within 
the selected frequency band at various locations on 
the skull, and 

said normalizing means includes means to normalize 

said matrix elements either to the total spectral 
energy for all said frequency bands at the skull 
location corresponding to said matrix element or to 
the average total spectral energy for all said fre- 
quency bands for ail matrix elements. 

65. The apparatus of claim 1, 4, 6, 8, 22, 45, 46, 47, 48, 
51. or 59 wherein said processing means includes inter- 
polation means for generating by interpolation addi- 
tional matrix elements for skull locations intermediate 
the locations of said transducers. 

66. The apparatus of claim 65 wherein said interpola- 
tion means includes means for computing the values of 
said additional matrix elements by three point interpola- 
tion from the values associated with the three closest 
transducer locations. 

67. The apparatus of claim 66 wherein said three 
point interpolation is linear. 
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68. The apparatus of claim 1, 4, 6, 8, 22, 36, 45, 46. 47, 
48, 51. ог 59 wherein the number of said electricai- 
activity transducers is in the range of 10 to 200 and the 
number of elements in said topographic maps is at least 
5 times the number of transducers. 

69. A method for generating a topographic display of 
information on the electrical activity of the brain, said 
method comprising the steps of 

placing a plurality of electrical-activity transducers at 

spaced apart locations on the skull of a patient, 
storing responses of said transducers during first and 
second time periods, 

processing said responses to generate first and second 

matrices each having elements representing brain 
activity at different skull locations, said first matrix 
representing information on brain activity during 
said first period, and said second matrix represent- 
ing information on brain activity during said sec- 
ond period, 

forming a difference matrix having elements each 

corresponding to the difference between corre- 
sponding elements of said first and second matrices, 
and 

displaying said difference matrix as a topographic 

map of the skull, said matrix elements each forming 
a discrete point of said topographic map. 

70. The method of claim 69 further comprising the 
step of providing as a stimulus for the brain during said 
first period a source of patterned light and providing as 
a stimulus for the brain during said second period a 
source of nonpatterned light. 

71. A method of generating a topographic display of 
information on the EP response of the brain, said 
method comprising the steps of: 

placing a plurality of electrical-activity transducers at 

spaced apart locations on the skull of a patient, 
repeatedly providing a sensory stimulus for the brain 
50 as to produce at said transducers repeated seg- 
ments of data, each segment including a pre- 
stimulus response and a post-stimulus response, 
averaging the repeated segments to produce an aver- 
age segment for each transducer, 
determining a zero baseline for each average segment 
from the mean level of at least a portion of the 
average pre-stimulus response. 

subtracting the zero baselines from the respective 

average segments to produce zeroed average seg- 
ments, 

processing the zeroed average segments to generate 

one or more matrices of elements, with each matrix 
element representing information on the EP re- 
sponse at one location on the skull, and 

displaying said one or more matrices as topographic 

maps of the skull, with each display point forming 
a discrete point on said maps. 
72. A method for generating a topographic display of 
information on the electrical activity of the brain. said 
method comprising the steps of 
placing a plurality of electrical-activity transducers at 
spaced apart locations on the skull of a patient. 

repeatedly providing a sensory stimulus for activat- 
ing the brain to produce EP responses at said trans- 
ducers, 

averaging said responses to produce average rc- 

sponses for each transducer, 

processing said average responses to generate a time 


sequence of matrices, 
ff 


о> 
displaying said matrices as a time sequence of topo- 
graphic maps of the skull, said matrices having 
elements defining discrete points of said maps, and 
displaying said topographic maps at a variable frame 
rate, 
maps corresponding to different portions of said aver- 
age responses being displayed respectively at dif- 
ferent selected frame rates. 

73. A method for generating a topographic display of 
information on the electrical activity of the brain, said 
method including the steps of 

placing a plurality of electrical-activity transducers at 

spaced apart locations on the skull, 
processing responses of said transducers to generate a 
time sequence of matrices, each said matrix having 
elements representing the instantaneous amplitudes 
of said responses at various locations on the skull 
and there being a sufficient number of said matrices 
for a selected time period of actual brain activity 
for capturing onset of a transient event that occurs 
with a rapidity on the order of that of an epileptic 
spike, 
generating from said time sequence of matrices a 
running-average matrix which at any given time 
represents the current matrix averaged with a se- 
lected number of the matrices preceding it in time, 

displaying said matrices as a time sequence of topo- 
graphic maps of the skull at a variable frame rate, 
each running-average matrix having elements de- 
firing discrete points of said maps, and 

selectably slowing the frame rate at which said topo- 

graphic maps are displayed so as to permit observa- 
tion of said transient event. 
74. A method for generating a topographic display of 
information on the electrical activity of the brain, said 
method comprising the steps of 
placing a plurality of electrical-activity transducers at 
spaced apart locations on the skull of a patient to 
measure the EEG response at said locations, 

sampling the EEG responses during time intervals 
shorter than the anticipated interval between inter- 
ruptions in the state of brain activity, 
computing, for each of said transducers, the Fourier 
transforms of the sampled EEG responses and 
computing from said Fourier transforms, for each 
of said transducers, the spectral energy contained 
in selected frequency bands, 
processing said computed spectral energy of said 
selected frequency bands to generate a plurality of 
matrices, one said matrix for each selected fre- 
quency band, said matrices having elements repre- 
senting the spectral energy within the respective 
frequency band at one location on the skull, and 

displaying said matrices as topographic maps of the 
skull, said matrix elements forming discrete points 
of said maps. 

75. A method for generating a topographic display of 
information on the electrical activity of the brain, said 
method comprising the steps of 

placing a plurality of electrical-activity transducers at 

spaced apart locations on the skull of a patient, 
processing electrical responses measured at said 
transducers, said processing means including 
means for generating one or more matrices, each 
matrix containing a plurality of elements, said ele- 
ments representing information on the electrical 
activity of the brain at particular skull locations, 
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Processing at least two $314 matrices to generate а 
. Statistica] comparison matrix said statistical сот- 
parison matrix having elements each of which rep- 
resentative of a statistical difference between the 
corresponding elements in said two matrices, and 
displaying said statistical comparison matrix as a top- 
ographic map of the skull, said matrix elements 
forming discrete points of said map. 

76. А method for generating a topographic display of 
information on the electrical activity of the brain, said 
method comprising the steps of 

placing a plurality of electrical-activity transducers at 

spaced apart locations on the skull of a patient, 

Statistically processing responses at said electrical- 

activity transducers to generate a coefficient-of- 
variance matrix, said matrix having elements each 
of which represents the normalized standard devia- 
tion of the responses at one skull location, the nor- 
malized standard deviation being the standard de- 
viation divided by the mean, 

displaying said coefficient-of-variance matrix as a 

topographic map of the skull, thereby providing a 
map of the level of variation in brain activity. 

77. A method for generating a topographic display of 
information on the electrical activity of the brain, said 
method comprising the steps of 

placing a plurality of electrical-activity transducers 

for placement at spaced apart locations on the skull 
of a patient, 
generating from responses measured at said transduc- 
ers a time sequence of first matrices, each said first 
matrix having display elements representing the 
instantancous response at various locations on said 
skull, | 
generating by interpolation second matrices inter- 
spersed in said sequence of first matrices, said sec- 
ond matrices having elements representing the 
approximate response at instants of time intermedi- 
ate the instants of time associated with said first 
matrices, 
displaying said first matrices and said interspersed 
second matrices as a time sequence of topographic 
maps of the skull, said matrix elements forming 
discrete points of said maps, said second matrices 
enhancing the visual smoothness of the transitions 
over time between said first matrices. 
78. A method for generating a topographic display of 
information on the electrical activity of the brain, said 
method comprising the steps of 
placing a plurality of electrical-activity transducers at 
spaced apart locations on the skull of a patient. 

generating one or more matrices from responscs mea- 
sured at said transducers, each matrix having ele- 
ments representing information on the electrical 
activity of the brain at one location on the skull. 

displaying said one or more matrices as topographic 
maps of the skull, said matrix elements forming 
discrete points of said maps, . 

previewing said transducer responses or processed 
versions thereof, said previewing including at least 
two of the following steps 

tagging а response with information on its waveform 

quality, including an indication of whether the 
response should be used in later processing, 
eliminating a response from further processing at the 


discretion of the operator. 


41 
automatically eliminating а response from further 
processing if a portion thereof exceeds а predeter- 
minedthreshold, 

smoothing a response to eliminate undesired high 

frequency components, 

adjusting a zero baseline of a response, said zero base- 

line having been previously set automatically 
eliminating selected portions of a response from fur- 
ther processing, and 

displaying in numerical form the value of a response 

at a point in time selected by the operator. 

79. A method for generating a topographic display of 
information on the electrical activity of the brain, said 
method comprising the steps of 

placing a plurality of electrical-activity transducers at 

spaced apart locations on the skull of a patient, ` 
sampling responses measured at said transducers and 
storing the sampled data as a series of data matri- 
ces, one matrix for each sampling time, 
selectively viewing the sampled data corresponding 
to a single transducer as a plot of transducer output 
versus time, 
adjusting portions of said selectively viewed data or 
eliminating said data from further processing, 

processing said data matrices to generate one or more 
processed matrices said one or more processed 
matrices having elements each corresponding to 
one transducer location, 

expanding the number of elements in said one or more 

processed matrices to provide elements corre- 
sponding to skull locations intermediate said trans- 
ducer locations, 
providing a video monitor capable of generating a 
matrix of grey tones for displaying said expanded 
matrices as topographic maps of the skull, said 
expanded matrix elements defining the grey tones 
of discrete points on said maps. 
80. A method for generating a topographic display of 
information on the electrical activity of the brain, said 
method comprising the steps of 
placing a plurality of electrical-activity transducers at 
spaced apart locations on the skull of a patient, 

processing responses measured at said transducers to 
generate one or more matrices, each matrix having 
elements representing information on brain activity 
at different skuil locations, 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


65 


45 
displaying one or more said matrices as topographic 
maps of the skull. said matrix elements forming 
discrete points of said maps, 

providing a video monitor which generates a visibie 

grey tone at each said discrete point, said tone 

being variable from a maximum tone to a minimum 

tone, and ` 
scaling said matrix elements to the available tones. 

81. The method of claim 80 wherein 

said providing step comprises providing a said video 

monitor which generates a zero tone intermediate 
said maximum and minimum tone, and 

said scaling step comprises at least two of the follow- 

ing steps 
scaling the maximum matrix element to the maximum 
tone and the minimum matrix element to the mini- 
mum tone and linearly interpolating inbetween, 

scaling the maximum matrix element to the maximum 
tone and the minimum matrix element to the zero 
tone and linearly interpolating in between, 

Scaling the maximum matrix element to an operator 

supplied tone, 

scaling the minimum matrix element to an operator 

supplied tone, 
excluding from the scaling operation selected unusu- 
ally high or low valued matrix elements and assign- 
ing to matrix elemencs that fall outside the available 
tone range the closer of the maximum or minimum 
tone. 
82. A method for generating a topographic display of 
information on the electrical activity of the brain, said 
method comprising the steps of > 
placing a plurality of electrical-activity transducers at 
spaced apart locations on the skull of a patient, 

processing responses measured at said transducers to 
generate one or more matrices, each matrix having 
elements representing information on brain activity 
at different skull locations, 

displaying said one or more matrices as a topographic 

map of the skull. said matrix elements forming 
discrete points of said map. 

providing a video monitor which generates a tone at 

each said discrete point, said tone varying from a 
maximum tone to a minimum tone, 

normalizing said matrix elements to a selected value, 

and 

scaling said matrix elements to the available tones, 

said scaling means including means for assigning a 


selected tone to said selected normalization value. 
` * э а e 
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157) АВ5ТВАСТ 

A method having applicability in replication of desired 
Consciousness states; in the training of an individual to 
replicate such a state of consciousness without further 
audio stimulation; and in the transferring of such states 
from one human being to another through the imposi- 
tion of one individual's EEG, superimposed on desired 
stereo signals, on another individual, by inducement of 
а binaural beat phenomenon. 
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METHOD OF INDUCING MENTAL, EMOTIONAL 
AND PHYSICAL STATES OF CONSCIOUSNESS, 
INCLUDING SPECIFIC MENTAL ACTIVITY, IN 

HUMAN BEINGS 


BACKGROUND OF THE INVENTION 


The present invention relates to a method of inducing 
various states of consciousness in human beings. More 
particularly, the invention relates to 2 method of induc- 
ing such states of consciousness through generation of 
stereo audio signals having specific wave shapes which 
act as a carrier of s binaural beat. The resultant binaural 
beat acts to entrain brain waves into unique waveforms 
characteristic of identified states of consciousness. The 
invention is applicable in areas of learning and behavior 
replication as well as in the area of sleep inducement, 
and thus represents a significant departure from and 
improvement over known audio-based sleep induce- 
ment techniques, some of which will be discussed be- 
low. 

The binaural beat phenomenon was discovered in 
1839 by Н. W. Dove, а German experimenter. Gener- 
ally, this phenomenon works as follows. When an indi- 
vidual receives signals of two different frequencies, one 
signa] to each ear, the individual's brain detects a phase 
difference or differences between these Signals. When 
these signals are naturally occurring, the detected 
phased difference provides directional information to 
the higher centers of the brain. However, if these signals 
are provided through speakers or stereo earphones, the 
phase difference is detected as an anomaly. The result- 
ing imposition of a consistent phase difference between 
the incoming signals causes the binaural beat in an am- 
plitude modulated standing wave, within each Superior 
olivary nucleus (sound processing center) of the brain. 
It is not possible to generate a binaural beat through an 
electronically mixed signal; rather, the action of both 
ears is required for detection of this beat. 

FIGS. 1A and 1B show two superposed waves of 
different frequencies. FIG. 1C shows the resulting 
wave, which has a clear beat phenomenon. Assuming 
the two waves have equal amplitude but different re- 
spective frequencies fj, f2, the combination of the two 
waves may be represented mathematically as follows: 


X = xX wk; 
= a*cos(2m/ii) + асом27/1) 
= e"cos(2mfir) + a*cos(2mfn] 


- rer (2e А). ЕГІЗІ 


The beat phenomenon arises from the variation in 
amplitude of a resulting carrier frequency. Pulses ap- 
pear every 4(fi-f2), with two maxima Occurring each 
cycle, when cos(27)i[f;-f2] = = 1. That is, the beat fre- 
quency is simply б-б, а result which agrees with expe- 
rience. ? 

Known consciousness state inducing techniques have 
not used this binaural beat phenomenon, but have relied 
on other techniques, as follows. For example the use of 
audio generators to induce a state of consciousness 
known as sleep is well known in the prior ап, as exem- 
plificd by U.S. Pat. No. 2,711,165 and 3,384,074. In one 
typc of technique exemplified in these patents, gener- 
ated audio signals include pieasing and harmonious 


^ 


5 


20 


25 


40 


4 


л 


5 


о 


2 
Study sounds or vibrations. fixed frequency signals 
which are buried cyclically with respect to amplitude, 
and repetitive sounds such as the falling of rain on the 
roof and the sighing wind through the trees. 

U.S. Pat. No. 2,304,095 relates to a method of induc- 
ing sleep by generation of an audible or tactual signal 
which is related to the physiological process о? heart- 
beat and respiration. In the disclosed method, the pitch 
and amplitude of a pleasing audio signa! are varied at а 
rate somewhat slower than either the rate of beartbeat 
or the rate of respiration. As a result, heartbeat and 
respiration tend to synchronize with the audio signal, 
thus lowering heartbeat and respiration rates and induc- 
ing sleep. 

Of course, there are other naturally-occurring sounds 
which have been recorded, and which are not varied, 
but which instead induce a state of relaxation which 
leads to sleep for a similar reason. For example, the 
pounding of waves on a shore line occurs at a frequency 
generally lower than that of heartbeat or respiration, 
and induces s state of relaxation. 

The use of an electroencephalogram (EEG) as a re- 
search and diagnostic tool has led to findings that par- 
ticular brain wave patterns are indicative of different 
states of consciousness. In 1934, researchers discovered 
that brain waves, and their associated states of con- 
Sciousness, could be altered with repetitive visual stimu- 


"lation at a known frequency, an effect known as entrain- 


ment. Scientific interest in entrainment continued 
throughout the 1960's. In the 197075, numerous indepen- 
dent studies repeatedly confirmed that rhythmic flash- 
ing lights rapidly entrained brain waves. 

A sonic equivalent of photic entrainment also is 
known, as disclosed for example in commonly-assigned 
U.S. Pat. No. 3,884,218, the inventor of which is the 
inventor of the present application. This patent dis- 
Closes a method of inducing sleep in a human being by 
generating an audio signal which is made up of a famil- 
iar pleasing repetitive sound modulated by frequencies 
usually associated with an EEG sleep pattern. There are 
different EEG pattems related to various levels or 
depths of sleep, and it has been found that by modulat- 
ing the repetitive sound with these different sleep pat- 
terns, it is possible to induce various levels of sleep. The 
inventor has coined the term frequency following re- 
Sponse, or FFR, to describe this phenomenon. 

Other known techniques for inducing various states 
of consciousness, or for performing brainwave analysis 
and related functions, are shown, for example, in the 


following U.S. patents: 
2,466,054 4,034,741 3160.159 «131.34 
3.576185 4.227.516 3712.292 4.335.710 
3,753,433 4,573,449 3,826,243 4.334.701 


2,837,331. 
— r... —— 


The binaural beat phenomenon described above also 
can create a frequency entrainment effect. If a binaural 
beat is within the range of brain wave frequencies, gen- 
erally less than 30 cycles per second, the binaural beat 
will become an entrainment environment. This effect 
has been used to study states of consciousness, to im- 
prove therapeutic intervention techniques, and to en- 
hance educational environments. However, the modu- 
lation of tbe binaural beat signals with brain waves 
associated with particular activities has not been at- 
tempted previously. 


GO 


SUMMARY OF THE INVENTION 


In view of the foregoing, it is one object of the inven- 
tion to provide a method of inducing states of con- 
sciousness by generating stereo audio signals having 5 
specific wave shapes. These signals act as a carrier of a 
binaural beat. The resulting beat acts to entrain brain 
waves into unique waveforms characteristic of identi- 
fied states of consciousness. 

The method of the invention extends beyond the 
confines of the frequency entraining concept, and incor- 
porates waveform entrainment by altering the wave 
shape of the binaural beat. Conventional binaural beat 
frequency entrainment previously has been limited to 
conventional wave shapes, i.e., cquare triangular sinu- 
soidal, or in some cases, the various musical instru- 
ments. For example, it is known that radiant energy, 
such as sound in this case, may be defined by its fre- 
quency, amplitude, and wave shape. A musical note is a 
particularly suitable example of this. Generally, the 
musical note A above middle C in the twelve tone dia- 
tonic scale is assigned a frequency of 440 cycles per 
second. The amplitude of that note is expressed as the 
loudness of the signal. However, the wave shape of that 
note is related strongly to the instrument used. An A 
played on a trumpet is quite different from an A played 
on a violin. 

The similarity results from the distinct shapes of the 
waveforms of each instrument. Similarly, human brain 
waves also have unique wave shapes, wave contours 
which are neither sinusoidal, nor square, nor triangular, 
nor like those of any musical instrument. 

In accordance with the invention, human brain 
waves, in the form of EEGs, are superimposed upon 
specific stereo audio signals, known as carrier frequen- 
cies which are within the range of human hearing. Thus 
the invention relates not only to techniques of generat- 
ing the binaural beat, but also to specific waveforms of 
the binaural beat in frequency, waveshape, and ampli- 
tude, and most particularly to the source of the data 40 
used to produce such waveforms. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIGS. 1А-1С show two waves at different frequen- 
cies, and the resulting binaural beat, respectively; 

FIGS. 2A-2D show an input wave, two stereo car- 
fier waves as determined by Fourier analysis, and the 
resultant binaural beat wave, which matches the con- 
tour of the input wave; 

FIGS. 3A-3B, 3C-3D. 3E-3F, and 3G-3H are pairs 
of graphs showing a normal waking EEG and ЕЕК 
responses in different signal ranges, respectively; and 

FIGS. 4A-4F show topographic brain maps of the 
neocortex of a subject in a normal waking state, and 
after listening to a binaural beat sound pattern. 


DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 


As will be discussed below, different regions of the 
brain produce distinct electrical waveforms during vari- 
ous physical, mental, and emotional states of conscious- 
ness. [n the method of the invention, binaura! beat audio 
wave shapes are made to match such particular brain 
waves as they occur during any mental physical, and 
emotional human condition of consciousness. Thus, it is 
possible to convert waveforms from specific brain re- 
gions, as well as complete brain surface electrical topog- 
raphy. 
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In the audio application of the invention. using sam- 
pled EEG waveforms from a subject in specific states of 
Consciousness and activity, mental and/or physical. 
these waveforms are impressed upon multiple sets of 
sound carrier waves within the human spectrum of 
hearing. Thus, the waveforms translate into wave am- 
plitude modulations of the carrier to effect what is 
called a frequency following response, or FFR, as men- 
tioned above. 

Some description of the empirical procedure used in 
the course of developing the invention will be useful. as 
background. In the 1970s, testing was done on various 
subjects for effective EEG frequencies using audio sig- 
nals as а human stimulus. Such frequencies were repli- 
cated as amplitude modulation of single-channel audio 
signals within human hearing ranges, for use in sleep- 
inducing, artention-focusing, etc. 

Where particular subjects responded especially well, 
those signals were converted to binaural beat patterns. 
The binaural beat signals were derived by first selecting 
frequencies of the single-channel audio signals based on 
the well-known “Oersted Curve", named after the fa- 
mous 19th century physicist. Using this curve permitted 
selection of specific audio frequencies to provide the 
greatest binaural beat frequencies at a much lower 
range. The effectiveness of the tests were doubled as a 
result of using binaural beat signals. 

In the mid 1980s, EEG waveforms themselves were 
examined as produced by the binaural signals employed. 
FFR and entrainment factors thought to be responsible 
for success were verified. One of the results identified as 
the probable cause of such effectiveness was the syn- 
chronization of the brain hemispheres in such signal 
frequency ranges (i.e. tbe induced signals were present 
simultaneously in major portions of both brain hemi- 
spheres). 

Experimentation expanded to different subjects in 
similar states of consciousness. Isolation of EEG pat- 
terns in these states of consciousness, and conversion of 
these patterns to binaural sound, with subsequent reap- 
plication of the binaural sounds produced significantly 
enhanced results. The effect was especially apparent 
among naive subjects. 

Recently, EEG neuromapping began of subjects with 
particular talents, where those subjects could utilize 
those talents (e.g. playing a piano sonata, or solving a 
mathematical equation) at а mental or visualization 
level. It was possible to isolate the EEG waveforms 
related to utilization of those talents, and to convert 
those waveforms to binaural sound. Subsequent expo- 
sure of the subject to such patterns enhanced the indi- 
vidual's ability to replicate the process. Exposing other 
subjects to the signals produced a learned response 
through repetition. 

Thus, the inventor believes that the inventive pro- 
cess, while not necessarily creating a musician or a 
mathematician, will set up an EEG ambiance in which 
learning will be facilitated. 

Looking more closely now at the implementation and 
effects of the invention, FIGS. 2A-2D show а phenom- 
enon wherein an input brain wave signal from a particu- 
Jar brain region is superimposed on stereo carrier 
waves. FIG. 2D shows the resultant binaural beat wave 
which matches the contour of the input wave. 

The generation and propagation of the binaural beat 
may be understood from the following series of equa- 
tions, based on the following. 4 ( 


taking tne components from FIGS. 1А-ІС, and 
scaling each component to an appropriate factor (say, а 
and В). 

These components could be recombined to form а 
beat in accordance with the original components. Lin- 
earity and orthogonality principles make these manipu- 
lations possible. First, assign the measured wave to be 
the beat frequency, x. 


х=а-8 


From the beating waves discussed with respect to 
FIGS. 1А-1С: 


un(a) + има) = ке ( 2) (=) 


(сы 


соқа) + cos(f) = 1cos (2:4) (2+). 








Now, let us alter the Fourier series f(x) to produce the 
beat in the shape of the original wave, Г(х): 
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ployed in the other channel. a binaural beat of 4 Hz 
would result. In EEG waveform synthesis, as many as 
100 separate carrier pairs may be used or a single broad- 
banded carrier pair may be used to generate a similar 
number of specific binaural beats that replicate the 
EEG waveforms in both frequency and amplitude. 

А 4 Hz, or a 5 Hz binaural beat would be too low in 
frequency to hear. Using the Oersted curve mentioned 
above, the most effective harmonic carrier would be 
275 Hz, which is within hearing range. For the multiple 
waveform situation just discussed, the differential be- 
tween carrier waves on a single channel also is utilized 
to produce an FFR. 

One type of audio pattern found to be particularly 
useful in implementing the inventive method is what is 
known to the inventor as Phased Pink Sound. The full 
spectrum of audible sound is known commonly as 
"white" noise. “Pink” sound is known to result from an 
adjustment in amplitude of white sound to compensate 
for decline in perception by the human ear at both ends 
of the audible spectrum. 

Phased Pink Sound results from the relative rota- 
tional shifting of pink sound from one stereo audio 
channel to another witb cyclic changes in amplitude, 
frequency, and rate of panning. Such changes generally 
are synchronous with selected waveforms within the 
multiple patterns of the binaural beat generating system. 
Studies have shown that using Phased Pink Sound at a 
level at least 10 dB lower than the binaural beat signals 
produces as much as a 30% enhancement in FFR within 
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From the foregoing, it can be seen readily that g(a) 50 


and h(B) have become two waves, each having half the 
amplitude of the original wave, the combination of 
these waves producing a beat which is the input shape 
f(x). 

Thus, using two-channel stereo sound, it is possible to 
modulate two separate sets of carrier waves so tha: :he 
replicated EEG waveforms are created as differential 
beat frequencies between the separate sets. Thus, the 
method permits the direct application on a frequency 
base without having to consider the limitation of the 
spectrum of human hearing. The brain itself synthesizes 
the signals which cause the effect. 

One example may be as follows. If a carrier frequency 
of 100 Hz were employed in one channel of the audio 


t^ 
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signal, and a carrier frequency of 104 Hz were em- 65 


i |вк205(2) + bysin(B)] 


the EEG wavefortns of the listening individual. There is 
some basis for concluding that Phased Pink Sound pro- 
vides an audio base that assists the brain in "synthesiz- 
ing" the binaural beat frequencies normally inaudible in 
the human hearing process. 

Basically, Phased Pink Sound is generated by a digital 
Processor, which converts mathematical sequences, 
derived from appropriate algorithms, into audible 
sound. Such digital processors and their operation are 
well-known in the art, and so are not discussed here. 
Inherent in such a system is a frequency sensor that 
synchronizes the phasing with dominant EEG wave- 
forms as those waveforms are introduced from another 
source. 

Examples of suitable algorithms for implementing 
Рђазед Pink Sound are as follows: 
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J/XXEEEIiXEIIIXIIEXIIIXAEIEIIRTEZEIXATRIZSEITIXIIIIIIIIRIIIIEIIEIKXKEIIIIIIIII 
¥ Algerithm to generate B-bit РОМ samples in array рїгкО1 of tne X 
¥ single channel sound that serves às the’source for the stereo x 


¥ "phased pink" sound t 
XXAXEXEXEXXEIEEXZIEXZIEIXIIIIIEXIZIEXIXEEIXIISEEIXEZIIIEIEXIIEKKEIZIEIEEIII/ 


#include <math.h> 
Sinclude <stdio.h> 


#defire М2РІ -6.2835185307179584 
"define ЗАМРЦЕЗ PER SECOND 10464.5 
#define CUTOFF 200.0 Из cutoff frequency for low-pass filter 1/ 


#defire S 83732 /% amber СЕ samples to generate %/ 
define MINOELAY ¿O /% minimum flanging celay (samples) #/ 
#define MAXDELAY 80 /X maximum flanging delay (samples) %/ 
extern short wl); /* 8192 entry table of 16-514 sine values 


scaled from Ox8001 to Ox7FFF #/ 
extern double st entries;/* count of entries in sine table %/ 


long phase; /* random number generator phase #/ 

long fa; /k filter accumulator t/ 

long fc; /* filter constant %/ 

long sweep; /* flanging filter phase 4/ 

long sweesd; /* flanging filter initial phase #/ 

long ds; /* flanging filter phase step К/ 

long count; /* samples remaining in flanging filter cycle Х/ 
long counto; /х samples in flanging filter cycle */ 

long delay: /* current flanging filter delay (XXXX.XXXX) 1/ 
lang delayO; /% flanging filter delay constant */ 

long гапсе; /% flanging filter delay range t/ 

shart даі; /* noise sound gain (gain = gainNS/1024) 4/ 
short gairFS; /% flanging sound gain (gain = gairFS/1024) t/ 


short noisefS-"AXDELAY]; /& array to receive noise samples ж/ 
final sample offset to balance values &/ 


snort offset; ” 
short scaler; /х final scale factor to range samples */ 
Char рїгк(51, 71 array to receive "phased pink" samples t/ 


Z ХК ХЕХЕ 


% Main program t 
XiXkXkiXXiXitirkixixiiii)X ED EE ROGO KAXRiXEXiXitidXirziorXktXxiktiirfrri/ 


maint) 

( 
long control Баса; /* initial flanging delay t/ 
long control range: /* range of flanging control ж/ 


int i; 7% loco index &/ 

short tro; /% pointer to filtered noise sample array 4/ 
short *fsrp; /t pointer to initial/final noise sequence &/ 
short NoiseGen(); /* next filtered roise sample #/ 

short Flange(); /я flanging sample &/ 

short xx; /* output before final scaling Х/ 


/* Initialize the white noise generator t/ 
phase = 0x8000; 
a2, 


10 


Zt Initialize lowpass filter 1/ 
fa = 0; 
fc = (1.0 - ехр(МРІ 1 OIF / SYPLES PER SECOND) ) t £2536.0; 


(ж Initialize flanging filter for В Second cycle. Delay seeps 
sinusodially around SxPI/2. Flanginging tone gain is 75% 
of the noise tore #/ 

Sweep = t4mepO = ((long)((.75 ¥ st entries) $ 65535.0 + 0.51) 


control base = w(s4eecO >> 14); 

control range = OxOOO7FFFL - control base; 

range = (((double) (MAXDELAY ~ MINDELAY) £ 32767.0) / control range) 
% 16.0 + 0.5; 

delayO = (MINDELAY << 16) - control base $ (range >> 3); 

ds = (st entries / (8.0 t SAMPLES PER SEDOND)) + 6553%.0 + 0.5; 

Count = 8.0 f SAMPLES _РЕР_ЗЕСОМО + 0.5; 

gains = 585; 

gainFS = 439; 


/* Initialize the final offset and scale factor for these filter 
parameters (empirically determined) 4/ 

offset = 153; 

scale = Ox245; 


/% Generate an initial sequence of noise samples to provide for 
delayed samples #/ 

гр = fsre = noise: 

for (i = 0; i € MAXDELAY; i++) кпр+ = NoiseGen(); 


/* Generate the next S samples of "phased pink" sound #/ 
for (i = O; i € 5; i++) < 


/t Generate the next colored moise sample. For looping, 
finish off with the initial roise sequence #/ 

if (i < S-"AXDELAY) tro = NoiseGen(); 

else trp = tfsrp—; 


/% Apply a sweeping cosine comb filter to flange the sound 2/ 
хх = (£rpitgainNS + Flange (гү) tgairFS) >> 10; 
рїгк(11 = ((xx + offset) ¥ scale“) >> 16; 


гр++; 
) 
) 
JEXEEEEREEREEEEEEEESIDIEEIIIIIIIIEIEEIIIIIDEIIIIFIIIIIIIIIIIIIIIEIIIIIIIIII 
% NoiseGen — function to generate a filtered noise sample * 


EFEIIPYIZIEEIIITIIIIIIIIIIIIIIZIIIIIIIIEIIIIIIIRIIEIIXSIIIYIIIIIIYEIIgII/ 


short NoiseGen(nso) 


$ 
long xi (Ж current moise sample 3/ 
long y; Zt current filtered noise Sample #/ 


7: Gererate sinusodial density noise from white £/ 
phase = phase «€ 1; 


aa 
if (phase L Ох10000) phase = 
phase = phase t OxFFFF; 
x = wlphase >> $]; 


12 


phase ^ 0х10Е7; 


74 Apply lst order lowpass digital filter z/ 


y = (fctfa) >> 16; 
Ға += (x 224) = у; 
return((short)(y << 4)); 


JXXEXEIIESINYIITIIIIIXIEIIIITIIITIDIIIIIIIIIIIIIIZEIIIIIIIITIIIÉEIITIIIIXIII 


t Flange — function to generate a flanging noise sample 3 
131Х11111113111111111111111311111111111111111111Х111113 11133313 ҮҮҮҮЗҮЗ1Ү/ 


short Flange (nso) 


/% pointer to current noise sample &/ 


>> 1)) >> 141; 


short £nsp; 
( 
short f; /% flanging noise sample &/ 
short жаг; /% pointer to delayed noise sample %/ 
/* Apply a siruscdially sweeping соло filter to flange the sound 4/ 
if (count—) seep = (sweep + ds) L Ox1FFFFFEF; 
else ¢ 
Sweep = sweepd; 
count = conto; 
) 
7% Compute the filter delay and linearly interpolate between 
гс158 samples to simulate a continuously variable delay #/ 
delay = delayO + ((w(sweep >> 161 t range) >> 3); 
бгр = гер - (delay >> 16); 
f = зар + 
((((*s(dro-1) - хор) >> 1) 3 ((celay % OxFFFF) 
return (+); 
) 


Looking at some results of the inventive method, 
FIG. 3A shows the EEG of a subject in a normal wak- 
ing state. FIG. 3B shows an EEG of the individual after 
listening to binaural beat sounds produced in accor- 
dance with the invention. The Figure shows an FFR 
response in the 1.5, 4, and 6 Hz signal range. 

Likewise, FIG. 3C shows the EEG of a subject in a 
normal waking state, and FIG. 3D shows an EEG of 
the individua! after listening to other binaural beat 
sounds produced in accordance with the invention. The 
Figure shows an FFR response in the 2, 4, and 7 Hz 
signal range. 

FIG. 3E shows the EEG of a subject in a normal 
waking state. and FIG. 3F shows an EEG of the indi- 
vidual after listening to still other binaural beat sounds 
produced in accordance with the invention. The Figure 
shows an FFR response in the 0.5, 3, and 4 Hz signal 
range. 

Finally, FIG. 3G shows the EEG of a subject in a 
normal waking state, and FIG. 34 shows an EEG of the 
individual after listening to still other binaural beat 
sounds produced in accordance with the invention. The 
Figure shows FFR response to 1.5, 2, and 4 Hz signals 
in amplitude. by frequency. 
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FIGS. ЗА -4С shows a typical contour map of a sub- 
ject in a normal waking state. It should be noted that the 
map shows a lack of continuity. Note also the lack of 
significant amplitude patterns ranging between tem- 
poral lobes, and the relative lack of intensity within the 
frontal area. 

In contrast, FIGS. 4D-4F shows a contour map of 
the same individual after listening to binaural beat sound 
in accordance with the invention. Note the synchroni- 
zation between hemispheres, and the high amplitude of 
activity at the frontal portion of the brain. Note also 
how the left and right hemisphere brain waves exhibit 
significantly higher amplitudes in the frequencies found 
in the original sound stimulus. 

The application of the binaural beat signals by head- 
phones or other second producing devices causes the 
following results: 

1. When such audio signals are provided simulta- 
neously with the state of being itself, those specific 
states can be enhanced. The additional pattern 
Superposed upon the original provides a powerful 
setting to maintain and/or expand the condition. 

2. Bv recording the audio signals and playing them 
back. an individual may return to an original or 
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av 
Previously-expenenced state of consciousness 
whenever desired. 
By listing to recordings of these audio signals, an 
original pattern or condition induced in one indi- 
vidual may be replicated in other individuals. 
An individual can be trained, based on sufficient 
repetition of application of these waveforms, to the 
point that the individual can recall and replicate 
these waveforms themselves, without further out- 
side stimulation. 

The mechod of the invention has applications in a 
number of different areas, not the least of which is the 
inducement of a state of sleep. Other areas of applica- 
tion include inducement of wakefulness of varying de- 
grees; focusing of attention; inducement of mental and 
physical relaxation; enhancing intellectual performance 
in various mental disciplines such as mathematics; en- 
hancement of creativity: the reexperience of previous 
activity; the acquisition of new abilities which others 
already have; reinforcement and restoration of weak 
areas in the mind and body; enhancement and strength- 
ening of mental and/or muscular coordination; and 
development of integration of entire brain function. 
Human beings have EEG patterns which are unique to 
the various states of consciousness and mental and/or 
physical activity just mentioned, so that the imposition 
of the appropriate stereo audio signals on the desired 
EEG wave produces the binaural beat which is neces- 
Sary to induce the state. 


While the invention has been described above in de- 
tail with reference to a particular specific embodiment, 
various modifications within the spirit and scope of the 
invention will be apparent to those of working skil) in 
this technological field. Thus, the invention should be 
considered as limited only by the scope of the appended 
claims. 


~ 


ь 


15 


30 


40 


45 


50 


55 


65 


14 


What is claimed is: 

1. A method of inducing states of consciousness in 
human beings. comprising: 

providing a replicated electroencephalogram (EEG) 
waveform indicative of a desired state of con- 
sciousness; 

superimposing said EEG waveform on two separate 
sets of carrier waves using stereo sound: 

Creating differential beat frequencies between said 
sets of carrier waves in accordance with said super- 
imposing step; and 

providing the resulting signals in audio form to re- 
Spective ears of a human being, to induce said state 
of consciousness. 

2. A method as claimed in claim 1, wherein said creat- 
ing step includes the step of combining pink with said 
sets of carrier waves by shifting of said pink sound with 
respect to said EEG waveform from one stereo audio 
Channel to another, with cyclic changes in amplitude, 
frequency, and rate of panning. 

3. A method as claimed in claim 1, wherein all of said 
Steps arc performed repeatedly on a particular individ- 
ual over а period of time so that the individual is able 
eventually to reproduce said desired state of conscious- 
ness without further audio stimulation. 

4. A method as claimed in claim 1, wherein all of said 
steps are performed using the EEG of one individual, 
but said applying step is carried out with another indi- 
vidual, so as to transfer the desired state of conscious- 
ness of one individual to another. 

5. A method as claimed in claim 1, wherein said first 
providing step comprises the step of providing a plural- 
ity of EEG waveforms, indicative of different respec- 
tive states of consciousness, and each of said superim- 
posing, creating, and second providing steps are per- 
formed with each of said plurality of EEG waveforms. 

6. A method as claimed in claim 1, wherein said sec- 
ond providing step results in substantia? synchroniza- 
tion of major portions of both brain hemispheres of sajd 
human being. 
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57 ABSTRACT 


Improved methods and apparatus for entraining human 
brain patterns, employing frequency following response 
(FFR) techniques, facilitate attainment of desired states 
of consciousness. In one embodiment, a plurality of 
electroencephalogram (EEG) waveforms, characteris- 
tic of a given state of consciousness, are combined to 
yield an EEG waveform to which subjects may be 
susceptible more readily. In another embodiment, sleep 
Patterns are reproduced based on observed brain pat- 
terns during portions of a sleep сусје; entrainment prin- 
ciples are applied to induce sleep. In yet another em- 
bodiment, entrainment principles are applied in the 
work environment, to induce and maintain a desired 
level of consciousness. A portable device also is de- 
scribed. 
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METHOD OF AND APPARATUS FOR INDUCING 
DESIRED STATES OF CONSCIOUSNESS 


CROSS-REFERENCE TO RELATED 5 
APPLICATION 


The present application is related to copending appli- 
cation No. 07/514,460, filed Apr. 16, 1990 now U.S. 
Pat. No. 5,213,562. 


BACKGROUND OF THE INVENTION 


1. Field of the Invention 

The present invention relates to an improved method 
of inducing desired states of consciousness, including 
different levels of sleep, in human beings, using a tech- 
nique known as frequency following response (FFR), 
developed by the present inventor. The invention also 
relates to apparatus for performing the method. A num- 
ber of areas of applicability of the invention are de- 
Scribed, in accordance with different preferred embodi- 
ments. 

2. Description of the Background Art 

In a prior patent, U.S. Pat. No. 3,884,218, the present 
inventor described a method of inducing different levels 
of sleep, using the FFR technique, in which brain waves 
could be made to follow superimposed frequency pat- 
terns. These frequency patterns were provided as sine 
waves, at frequencies known to correspond to different 
levels of sleep, such as alpha (exhibiting brain wave 
activity in the range of 8-12 Hz), theta (6-3 Hz), and 30 
delta (1-4 Hz). EEGs exhibiting frequencies between 12 
and 30 Hz (known as a beta range) are characteristic of 
awake individuals, though beta activity at even higher 
frequencies has been observed in different types of men- 
tal activities. Gamma activity has been characterized as 
all activity above 30 Hz; ший recently, it has not been 
possible to monitor brain activity in the gamma range. 
(It should be noted that the boundaries between gamma 
and beta, beta and alpha, alpha and theta, and theta and 
delta are somewhat arbitrary; the foregoing delineations 
are intended to be exemplary and not limiting.) | 

The present inventor discovered that the human 
brain could be entrained to output brain wave patterns 
these different frequencies. While frequencies corre- 
sponding to these different levels of sleep are not audi- 
ble, by superimposing those frequencies on some type of 
sound, such as music, it was determined to be possible to 
induce desired levels of sleep. The individual listening 
to the music would “hear” the low frequencies, with the 
desired effect on brain activiry. 

An improvement on the inventor’s patented tech- 
nique, to induce varied states of alertness, is the subject 
of copending Application No. 07/514,460, the contents 
of which are hereby incorporated herein by reference. 
This copending application describes a general FFR 55 
technique using what is known as a binaural beat phe- 
nomenon, details of which are provided in that applica- 
tion. Briefly, a binaural beat is produced by sending 
signals at different frequencies (some Hz apart, depend- 
ing on the desired effect) to an individual's left and right 
ears. The difference between the frequencies defines the 
frequency of the binaural beat. Using this technique, the 
desired frequency can be introduced into the individu- 
al's brain activity, inducing the desired state of con- 
sciousness. 

The induction of FFR in the human brain in this 
manner results in the synchronization of activity in the 
hemispheres of the brain. FIG. 1A shows brain activity 
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without FFR, and FIG. 1B shows brain activity with 
FFR. The inventor has coined the term HEMI-SYNC 
(for Hemisphere Synchronization) to describe this phe- 
nomenon. 

The copending application describes a technique 
wherein, in one form, sine waves having a frequency 
Corresponding to a consciousness state are superim- 
posed on two different carrier frequencies to form two 
different signals to set up the binaural bear. In another 
form, an actual brain pattern, based on an electroen- 
cephalogram (EEG) waveform indicative of that con- 
sciousness state is superimposed on the different carrier 
frequencies to form two different signals. In use, each 
signal is provided to one ear of a subject. The difference 
in carrier frequencies sets up the binaural beat. 

Another, more limited application of the binaural 
beat phenomenon is found in U.S. Pat. No. 4,834,701. In 
Contrast to the narrow range of frequencies discussed in 
that patent, in the above-mentioned copending applica- 
tion, the applicabüity of the binaural beat phenomenon 
is investigated over a much wider range of frequencies, 
spanning the spectrum of brain activity. 

Through additional investigation involving mapping 
of brain activities of different individuals, the present 
inventor has discovered some significance to the fact 
that, while brain waves at certain frequencies are char- 
acteristic of different levels of sleep, brain patterns of 
different individuals still vary. The inventor has investi- 
gated possible enhancements to the FFR effect by mak- 
ing it more generic among individuals, yet still more 
specific to brain activity than a simple sine wave, or an 
EEG of a particular individual. 

Another area of investigation being performed by the 
present inventor relates to human sleep patterns. Based 
on current knowledge of human sleep patterns, it ap- 
pears that sleep is composed of a series of 90-minute 
Cycles. As stated earlier, the beta stage is one of alert- 
ness. The first sleep state is alpha, or mental and physi- 
Cal relaxation. The second is theta, or light sleep. Next 
is delta, or deep sleep. The inventor has investigated the 
possibüity of providing FFR waveforms in cyclic pat- 
terns, replicating these human sleep patterns, to facili- 
tate sleep. Another possibility is to take advantage of 
the cyclic nature of sleep patterns to provide a more 
gentle wake-up for a sleeper. 

In considering the need for alertness during activities 
such as work, the inventor also considered how it might 
be possible to introduce FFR waveforms into ambient 
noise in one's surroundings to facilitate maintenance of 
desired states of consciousness. Particularly in environ- 
ments such as factories, or in offices where office equip- 
ment puts out consistent types of noise, it would be 
desirable to be able to introduce a binaural beat into that 
noise at different frequencies, to enhance the degree of 
alertness of factory or office workers as desired. 


SUMMARY OF THE INVENTION 


In view of the foregoing, according to one aspect of 
the invention, EEGs for a number of individuals in 
different states of consciousness are sampled, and EEG 
waveforms for the group of individuals, corresponding 
to each identifiable state of consciousness, are com- 
bined. A binaural beat then is generated using the com- 
bined EEGs. 

According to this aspect of the invention. it has been 
determined that using groups of EEG waveforms from 
different individuals and combining them to obtain a 
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representative waveform yields а waveform that a per- ' 


son's brain is more likely to Téplicate than an individual 
EEG waveform, or a sine wave representation of the 
EEG waveform. The combination may be simple aver- 
aging, though other combination techniques, such as 
weighted averaging, for Combining different numbers 
of EEG waveforms as desired, are contemplated. Now 
that the inventor has discovered that combinations of 
EEG waveforms provide a Particularly effective en- 
trainment environment, it will be seen that various ways 
of combining these waveforms may yield greater or 
lesser effects. 

In accordance with another aspect of the invention, a 
method for replicating cyclic Sleep patterns for a de- 
sired sleep period is provided. In a preferred embodi- 
ment according to this aspect of the invention, a subject 
is led from beta, to alpha, to theta, to delta, then back to 
theta, then alpha, then a rapid-eye movement (REM) or 


light dreaming sleep, in a sequence of 90-minute cycles, А 


during a sleep period of desired duration. After the 
expiration of the period, the subject may wake up vol- 
untarily. Alternatively, the invention can provide a 
gentle external stimulus to lead the subject to a beta 
state. 

With respect to this aspect of the invention, an appa- 
ratus is provided which automatically leads an individ- 
ual through these cyclic sleep patterns, and enables the 
individual to set a desired sleep period. This device 
preferably takes advantage of the techniques to be de- 
scribed relative to the first-mentioned aspect of the 
invention, but is not so limited. The inventive contribu- 
tions of this second aspect of the invention are consid- 
ered to lie in the combination of hardware itself which 
Benerates the desired sequence of binaural beats, as 
opposed to the particular software which determines 
the nature of those binaural beats. In one form, the 
invention is constituted by an alarm clock which pro- 
vides a fade-in theta-alpha signal followed by a strong 
beta-gamma signal Shortly before a desired wake-up 
time. 

According to yet another embodiment of the inven- 
tion, selectable mind-affecting sound patterns are pro- 
vided to suppiement constant ambient noise in any envi- 
ronment, When the noise is not Present, the patterns are 
not provided. The patterns vary in amplitude in accor- 
dance with changes in the environmental noise. 

In accordance with still another embodiment of the 
invention, a portable system is provided to enable the 
wearer to introduce binaural beat signals of frequencies 
that are selectable in accordance with a desired level of 
awareness. Depending on the level of sophistication of 
the device, the binaural beat may be generated using the 
combined EEG waveforms of the first aspect of the 
invention, but this last aspect of the invention is not so 
limited. 


BRIEF DESCRIPTION OF THE DRAWINGS 


The foregoing and other aspects of the invention will 
be understood by those of working skill in this techno- 
logical field by reference to the following detailed de- 
scription of the preferred embodiments of the invention, 
tead in conjunction with the accompanying drawings, 
wherein: 

FIGS. 1А-1С and 1D-1F taken from the above-men- 
tioned copending application, show one example of the 
results which can be achieved using the inventive tech- 
niques; 
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FIG. 2 is a block diagram of the hardware according 
to a second embodiment of the invention, and FIGS. 
3-5 are more detailed schematics therefor. 

FIGS. 6A-6] are drawings, similar to FIGS. 1А and 
1B, but showing brain activity during various stages of 
a sleep cycle, using a technique in accordance with the 
second embodiment of the invention; 

FIG. 7 is a block diagram of hardware in accordance 
with a third embodiment of the invention; 

FIG. 8A is a block diagram of hardware in accor- 
dance with a fourth embodiment of the invention, and 
FIG. 8B a schematic of that hardware; and 

FIGS. 9А-9М are graphs of different Possible effects 
of the embodiment of FIGS. 8A and 8B, showing a 
baseline brain pattern, selected stimulus frequencies and 
Corresponding stimulus waves, and associated response 
waves. 


DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 


The method according to a first preferred embodi- 
ment of the invention, which has been developed 
through extensive experimentation, derives from the 
empirically-observed phenomenon that brain patterns 
of human subjects are entrained more readily to brain 
patterns which more closely match their own. In prior 
implementations of the FFR technique, such as in the 
inventor's prior patent, in which sine waves having 
frequencies Corresponding to desired levels of sleep 
were superimposed ироп a given frequency, entrain- 
ment did occur. Use of the binaural beat phenomenon 
yielded better results, through synchronization of the 
hemispheres of the brain. 

However, simple repetitive frequencies, or even com- 
binations of such frequencies within different ranges, do 
по! represent brain patterns рег se, but rather provide 
entrainment environments for the brain to follow. It has 
been determined that, the more closely the entrainment 
environment parallels normal brain function at different 
levels of consciousness, the more effective the entrain- 
ment effect. This phenomenon is what led to the im- 
provement disclosed in the above-mentioned copending 
application. 

As a further improvement on that technique. as men- 
tioned above, the present inventor investigated the pos- 
sibility of creating more generic models of brain func- 
tion at different levels of consciousness. As a result of 
that investigation, it was determined that combinations 
of EEG waveforms from different individuals function- 
ing at the same identifiable level of consciousness (e.g. 
alpha sleep, theta sleep, or delta sleep) provided a supe- 
rior entrainment environment. In the inventive method 
according to this aspect of the invention, the brain pat- 
terns of 40 to 50 individuals were combined to yield the 
entrainment environment. 

One area of applicability of the techniques of the 
present invention is in the area of sleep therapy. Many 
individuals suffer from sleep disorders to varying de- 
grees. It is possible to Provide a suitable entrainment 
environment, based on known Sleep cycles prevalent in 
humans, to help individuals to regulate their sleep pat- 
terns, and thus help to solve their sleep disorders. One 
embodiment of the invention, shown in FIG. 2 and also 
in FIGS. 3-5, implements the inventive techniques in 
what the inventor calls a Sleep Processor to aid in the 
regulation of human sleep cycles. i 

In FIG. 2, a read-only memory (ROM) 10 stores 
frequency sequences corresponding to different parts of 
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а human sleep cycle. The stored frequency sequences 
may be in accordance with a predetermined algorithm, 
or alternatively may provide a less complex entrain- 
ment environment, such as simple averaging. A digital 
signal processor (DSP) 20 selects different ones of these 
sequences based on the current time and the time to 
which an alarm is set. The time is displayed on display 
30, and is set using time set 40. The alarm is set to a 
desired wake-up time using alarm set 50. 

During operation, the DSP 20 accesses the ROM 10 
and provides an output to a pulse code modulator unit 
(PCM) 60 accordingly. The PCM 60 provides an output 
to each of left and right channel speakers 70, 80 which 
are provided in close proximity to the ears of a human 
subject. Using headphones enhances the effect. 

Some additional detail of operation of the DSP 20 in 
one aspect of this embodiment now will be provided. A 
serial port in the DSP 20 generates an interrupt at a 50 
KHz rate. An interrupt handler in the DSP 20 computes 
the various sounds, in one form, by generating sine 
‘waves using a pair of integrators: 

cosine =cosine + frequency x sine 

sine= sine — frequency x cosine 
The Sleep Processors needs ten frequencies, five for 
each channel, and all of these frequencies are generated 
at the same time. The results are multiplied by ten en- 
velopes, most of which are zero at any moment. 

Noise is generated by a well-known 16-bit shift-regis- 
ter algorithm. This algorithm generates a noise signal 
that repeats every 65535 samples, or about every five 
seconds. The noise is filtered to sound more like pink or 
red noise, and less like white noise, and is written into a 
delay line in RAM. For each channel, the filtered noise 
is averaged with an earlier sample from the delay line, 
thus imparting a сошр filter response to it. 

An additional low-frequency sine/cosine pair is gen- 
erated, to sweep the comb filter delay. 32-bit arithmetic 
is used here. The approximate sweep rate is about 1/8 
Hz. The low-frequency sine wave is used directly to 
sweep the delay on one channel. The delay on the other 
channel is controlled by some mix of the sine and cosine 
waves. By choosing these and other coefficients prop- 
erly, any phase and amplitude relationship between the 
left and right sweep can be obtained. The comb filtered 
noise for each channel is multiplied by a noise envelope 
value. 

The device is operated as follows. A desired wake-up 
time is set, much like an alarm clock, and the desired 
volume is selected. A start/stop button then is Pressed 
to start the cycles for the selected sleep period. 
Throughout the sleep period, the device Tepeats a 90 
minute cycle of sound that leads the subject through 
alpha, theta, delta, and back to dreaming sleep. Five 
minutes before the scheduled wake-up time, a beta sig- 
nal is introduced to bring the subject back to complete 
physical wakefulness. When the subject wakes up, he/- 
she hits the start/stop button again to stop the sound 
sequence. 

The sounds produced by the DSP 20 include binaural 
beat carrier sound patterns utilizing both amplitude and 
frequency modulation, masking pink sound (a known 
type of sound described in the copending application), 
and, optionally, occasional single-word voiced affirma- 
tons. The binaural best audio signals may be in the form 
of appropriate sine waves, or alternatively may be repli- 
cas of actual EEG brain waveforms. In the latter case, 
either the just-described combined EEG waveforms or 
a single EEG waveform (as described in the copending 
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application) may be used. The entire pattern of sound 
and control is generated algorithmically. 

One aspect of the effectiveness of the device of FIGS. 
2-5 is the spacing of sound carriers at related frequen- 
Cies so as to engender binaural beat signals not only 
from channel to channel, but also monaurally, in each 
audio channel In this preferred embodiment, three 
binaural beat frequency signals are created between 
audio carrier channels, and two amplitude beats per 
Channel aiso are created, yielding a total of seven beat 
Signals. The inventor has coined the term Septon for 
this set of beat signals. One example of a septon is as 
follows: 


Left Channel Right Channel 

200 Hz carrier (4 Hz binaural beat) 204 Hz carner 

(4 Hz monaural {$ Hz monaural beat) 
) 

204 Hz carrier (4 Hz binaural beat) 208 Hz carrier 

(4 Hz monaurai (4 Hz monaural beat) 
) 

208 Hz carrier (4 Hz binaural beat) 212 Hz carrier 


A standard program according to this preferred em- 
bodiment would employ the following sound sequence: 
0-5 minutes: 

Signal Group А. (comprised of replicated EEG wave- 
forms having dominant values in the alpha range) 
Signal Group B (15 dB below Group A. generated 
simultaneously with the sounds of Group A, and com- 
prised of replicated EEG waveforms having dominant 
values in the theta range) 

Phased Pink Sound (six seconds, peak-to-peak. on both 
left and right channels, 20 dB below Group A) 

Voice Inserts (repeated at 40 second intervals. 10 dB 
below Group A, simultaneously with the other sounds, 
and comprising short sequences of phrases like "relax" 
"let go”, and "sleep") 

5-20 minutes: 

Signal Group B 

Signal Group C (20 dB below Group В, generated si- 
multaneously with Group B, and comprised of repli- 
Cated EEG waveforms having dominant values in the 
delta range) 

Phased Pink Sound (15 dB below Group B, having a 
duration as in the first interval) 

Voice Inserts (10 dB below Group B. comprised as 
above) 

20-40 minutes: 

Sigaal Group C 

Signal Group D (10 dB below Group C. generated 
simultaneously with Group C, and compnsed of repli- 
cated EEG waveforms having dominant values in the 
lower delta range) 

Phased Pink Sound (10 dB below Group C. having a 
duration as in the first interval) 

Voice Inserts (20 dB below Group С. comprised as 
above) 40-65 minutes: . 

Signal Group D 

Phased Pink Sound (10 dB below Group D. having a 
duration as in the first interval) 

Voice Inserts (20 dB below Group D. comprised as 
above) 65-80 minutes: 

Signal Group C 

Signal Group D (10 dB below Group C. generated 
simultaneously with Group C) 

Phased Pink Sound (15 dB below Group C. having a 
duration as in the first interval) | 2t 


NO voice inserts 

80-90 minutes: 

Signal Group B 

Signal Group C (10 dB below B, generated simulta- 
neously with Group B) 

Phased Pink Sound (15 dB below Group B, having a 
duration as in the first interval) 

NO voice inserts 

The foregoing sequence is repeated through the sleep 
period until the wakeup Sequence, approximately five 
minutes before the set wake-up time: 

Signal Group AA (a wakeup sequence, comprising 
replicated EEG waveforms having dominant values in 
the beta range, or alternatively a 400 Hz/416 Hz enve- 
lope yielding frequencies in the beta range) 

Voice inserts (10 dB below Group AA, comprised of 
short phrases such as "waking up", "refreshed", 
"bright", and repeated at intervals) 

One variation of the foregoing embodiment is an 
alarm clock which, instead of sounding a loud alarm or 
other jarring noise at wake-up time, starts a gentle se- 
quence of signals some minutes before, to bring an indi- 
vidual up gently through the various levels of sleep to 
full wakefulness. A fade-in theta-alpha signal may be 
provided, followed by a Stronger beta-gamma signal. 

FIGS. 6A to 6) show the effects of the just-described 
“sleep processor” embodiment. Column 1 shows distri- 
bution of delta frequencies; column 2 shows distribution 
of theta frequencies: and column 3 shows distribution of 
alpha frequencies. The top row of graphs is the actual 
pattern observed in the individual, and the bottom row 
is the baseline pattern. 

FIG. 6A corresponds to a normal waking state. Dom- 
inant alpha activity is shown in the occipital area of the 
brain. In FIG. 6B, pink noise has been applied, without 
any beat frequencies. A narrower focus of waking state 
is shown. 

In FIG. 6C, a signal sequence corresponding to Sig- 
nal Group A has been applied. Some gain in theta fre- 
quencies are seen, with rapid diffusion of alpha frequen- 
Cies and movement toward the vertex of the head. In 
FIG. 6D, a signal sequence corresponding to Signal 
Group B has been applied. There is further diffusion of 
alpha frequencies, with some movement of delta and 
theta activity toward the pre-frontal cortex of the brain. 

In FIG. 6E, a signal sequence corresponding to Sig- 
nal Group C has been applied. There is rapid diffusion 
of alpha frequencies, and increased power of theta and 
delta frequencies. In FIG. 6F, а signal sequence corre- 
sponding to Signal Group D has been applied. Alpha 
frequencies are diffused further toward the pre-frontal 
Cortex, and there is a marked increase in theta and delta 
frequencies. 

FIG. 6G, continuing application of Signal Group D 
frequencies, shows a marked increase in delta activity in 
the pre-frontal cortex, with a Steady decrease in alpha 
activity at the vertex. In FIG. 6H, another binaural beat 
stimulation has been applied, and characteristics of 
Stage 3 and 4 sleep may be observed. In FIG. 61, further 
evidence of the further binaural beat stimulation is ob- 
served. Delta is the dominant frequency here. Alpha 
and theta activity has moved to the prefrontal cortex. 
Finally, FIG. 67 shows early awakening activity, with a 
diffusion of delta activity. 

FIG. 7 is a block diagram of hardware in accordance 
with another embodiment of the invention, having ap- 
plication to the work environment, or anywhere a con- 
Stant source of noise is present, to allow workers, for 
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5 
exampie, to maintain а desired state of awareness, The 
device may contain suitable digital signal processor 
circuitry, as in the preceding embodiment. One differ- 
ence is that the operation of the device is keyed to the 
presence of ambient noise, not to a given time duration 
or selected sleep period. 

The device of FIG. 7 includes a sound generator 200 
which. as just mentioned, may comprise a digital signal 
processor. The generator 200 outputs sound patterns via 
Опе or more speakers (left and right channel speakers 
210, 220 are shown). A sound level detector 230 detects 
the level of ambient noise in the room, and provides a 
signal to the sound generator 200, or activates a cut-off 
Switch (not shown), to discontinue output of the sound 
generator 200 when the ambient noise level drops 
below a predetermined level. 

The sound level detector also preferably provides a 
signal to the sound generator 200 to boost the sound 
pattern output when the ambient noise level increases, 
so that the effect of the provision of the sound pattern is 
commensurate with the noise level in the room. Alter- 
natively, the user may simply adjust the volume manu- 
ally, using one or more knobs (not shown) on the sound 
generator 200. 

A timer 240 may be provided to control the duration 
of provision of the selected sound pattern, or even to 
Change the sound pattern at different times of day by 
controlling a selector 250 which the user accesses to 
select a particular sound pattern to be output. The usec 
may select a given sound pattern in the morning, and 
the timer 240 may change that pattern automatically, 
based on a need at different times of day for sound 
patterns providing different states of alertness. 

The sound pattern produced by the device of FIG. 7 
varies automatically in amplitude in accordance with 
changes in the ambient noise, and is discontinued when 
the noise stops. As a result, the sound remains unobtru- 
sive. Depending on the setting, the produced sound 
pattern can enhance wakefulness, promote relaxation 
(as, for example, in rest areas in the Workplace), reduce 
anxiety and stress, or focus attention, among other char- 
acteristics. 

The basic system of FIG. 7 produces and inserts four 
different sound patterns which are selected manually so 
as to merge the output into the constant ambient noise. 
More sound patterns аге possible, depending on the 
desired overall capabilities of the system. Various modi- 
fications are possible. For example, a programmable 
version may be provided, which changes the form of 
the sound patterns throughout a work day or night, in 
accordance with the responses desired. 

Selectability of patterns may be accomplished differ- 
ently in a model intended for use in conjunction with a 
computer system. The computer operator can input a 
selection. and may vary that selection as desired 
throughout the work day. 

FIG. 8A is a diagram of a portable embodiment of the 
invention, for use in providing a desired level of con- 
sciousness on an individualized basis. A signal generator 
300 preferably includes a digital signal processor 310 
and a ROM 320 for storing predetermined signals or 
sequences of signals which correspond to various de- 
sired states of awareness. The Signal generator 300 may 
be a simple tone generator or pair of tone generators 
which provide outputs to Speakers or headphones 330 
(such as button-sized headphones) to set up а binaural 
beat. Output of pink sound or phased pink sound by the 


generator 300 is desirable to facilitate defocusing of the 


|23- 


نابا ب وی س سو ت 


9 
listener and consequent ability to concentrate on the 
sounds being produced. A selector 340 enables a user to 
instruct the signal generator 300 to output signals состе- 
sponding to the level of consciousness (e.g. focused 
concentration, relaxation, alertness) that a user desires. 

FIG. 8B shows a schematic of this embodiment, 
which the inventor calls a “Mood Minder”. This em- 
bodiment includes a selector for selecting one of four 
possible types of signals, corresponding to four respec- 
tive levels of awareness: awake and alert; concentration; 
attention; and relaxation. However, the invention is not 
so limited, as the generator 300 may be capable of pro- 
ducing other possible types of signals. Alternatively, 
pre-set patterns in the generator 300 may vary when 
specialized use is required. The key to this embodiment 
is its portability, enabling the user to carry the device 
everywhere. The device is battery-operated, and is 
small enough to fit in an upper coat pocket, for example. 

FIGS. 9A-9M show examples of prestored patterns 
produced by the generator 300, and of results achieved 
in use, FIG. 9A shows baseline brain waves, with rela- 
tive power output shown at the right for different fre- 
quencies. FIGS. 9B, 9E, 9H, and 9K show the stimulus 
frequencies produced for four different respective states 
of consciousness. FIGS. 9C, 9F, 91, and 9L show the 
stimulus waves corresponding to the superposition of 
the stimulus frequencies on the baseline wave. FIGS. 
9D, 9G, 91, and 9M show the results achieved in use. As 
can be seen, the peak-to-peak amplitudes for the re- 
sponse brain waves correspond closely to those of the 
stimulus waves. 

While the present invention has been described in 
detail with reference to preferred embodiments, various 
modifications within the scope and spirit of the inven- 
tica will be apparent to those of working skill in this 
t«chnological field. Consequently, the invention should 
de considered as limited only by the scope of the ap- 
pended claims. 

What is claimed is: 

1. A method of inducing desired states of conscious- 
ness in human beings, comprising the following steps: 

combining a plurality of replicated electroencephalo- 

gram (EEG) waveforms, each indicative of a par- 
ticular desired state of consciousness, to produce а 
combined EEG waveform; 

superimposing said combined EEG waveform on 

two separate sets of carrier waves using stereo 
sound; 

creating differential beat frequencies between said 

sets of carrier waves based on said superimposing 
step; and 

providing the resulting signals in audio form to re- 

spective ears of a human being, to induce said state 
of consciousness. 

2. A method as claimed in claim 1, wherein said com- 
bining step comprises mathematically averaging said 
EEG waveforms to produce said combined EEG wave- 
form. 

3. A method as claimed in claim 1, further comprising 
the step of repeating said combining, superimposing, 
and creating steps for each of a set of desired states of 
consciousness, and producing a cycle of sets of resulting 
audio signals, said providing step comprising providing 
said cycle of sets of resulting audio signals to respective 
ears of a human being, to induce each of said desired 
states of consciousness in cyclic fashion. 

4. A method as claimed in claim 3, wherein said cycle 
corresponds to human sleep patterns, said desired states 
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of consciousness comprising wakefulness. alpha sleep. 
delta sleep, and theta sleep. 

5. А method as claimed in claim 3, wherein said cycle 
Corresponds to human sleep patterns, said desired states 
of consciousness comprising alpha sleep, deita sleep. 
and theta sleep, said cycle being approximately 90 min- 
utes long. 

6. A method as claimed in claim 5, said method fur- 
ther comprising the steps of providing a plurality of 
repetitions of said cycle, followed by providing a set of 
audio signals containing a binaural beat at a frequency 
indicative of beta consciousness. 

7. A method as claimed in claim 1, wherein said creat- 
ing step includes the step of combining pink sound with 
said sets of carder waves by shifting of said pink sound 
with respect to said combined EEG waveform from 
One stereo audio channel to another, with cyclic 
changes in amplitude, frequency, and rate of panning. 

8. Apparatus for facilitating sleep in a human subject, 
comprising: 

means for setting a wake-up time to select a desired 

sleep duration; 

means for generating a first sequence of signals in a 

cycle corresponding to a human sleep pattern. 
frequencies of said signals in said first sequence 
being substantially equal to frequencies of human 
brain patterns at different levels of sleep; 

means for repeating said cycle a plurality of times 

based on the selected wake-up time; and 

means for waking up said human subject at the se- 

lected wake-up time. ° 

9. Apparatus as claimed in claim 8, wherein said 
means for waking up said human subject comprises 
means for generating a second sequence of signals a 
predetermined time before the selected wake-up time. 
frequencies of said signals in said second sequence being 
substantially equal to frequencies of human brain pat- 
terms at or near an awakened state. 

10. Apparatus as claimed in claim 9, wherein said 
predetermined time is approximately five minutes. 

11. Apparatus as claimed in claim 8, wherein said first 
sequence of frequencies comprises, in order, alpha fre- 
quencies, theta frequencies, delta frequencies, and thera 
frequencies. 

12. Apparatus as claimed in claim 8, further compris- 
ing means for generating phased pink sound in conjunc- 
tion with said first sequence of frequencies. 

13. Apparatus as claimed in claim 8, wherein said first 
sequence of signals comprises a plurality of sets of com- 
bined brainwaves, each of said sets corresponding to a 
different level of sleep, said combined brainwaves 
within a given set being constituted by combined elec- 
troencephalogram (EEG) waveforms of a pluraiity of 
individuals, taken when said individuals had attained a 
different respective level of sleep. 

14. Apparatus as claimed in claim 13, wherein said 
EEG waveforms are mathematically averaged. 

15. Apparatus for awakening an individual using 
brain pattern entrainment, said apparatus compnsing: 

means for selecting a wake-up time; 

means for keeping time; and 

means, Operative a predetermined period before said 
wake-up time as determined by said means for 
keeping time, for producing a first sequence of 
signals having frequencies in the theta-alpha range. 
followed by а second sequence of signais kaving 
frequencies in the beta-gamma range. | 22 
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16. Apparatus as claimed in claim 15, wherein said 
means for producing said first and second sequences of 
signals comprises means for producing said second se- 
quence of signals at a higher amplitude than said first 
sequence of signals. 

17. Apparatus as claimed in claim 15, wherein said 
first sequence of signals comprises a plurality of sets of 
combined brainwaves, each of said sets corresponding 
to a different level of consciousness, said combined 
brainwaves within a given set being constituted by com- 
bined electroencephalogram (EEG) waveforms of a 
plurality of individuals, taken when said individuals had 
attained a different respective level of consciousness. 

18. Apparatus as claimed in claim 16, wherein said 
EEG waveforms are mathematically averaged. 

19. Apparatus for inducing a desired state of con- 
sciousness, said apparatus comprising: 

means for detecting presence of a predetermined 

level of ambient noise; 

means, responsive to said detecting means, for gener- 

ating signals having frequencies substantially equal 
to frequencies of human brain patterns when said 
ambient noise is present; and 

means for selecting said signals in accordance with 

desired human activity in said areas. 

20. Apparatus as claimed in claim 19, further compris- 
ing timer means, connected to said generating means, 
for generating said signals for a predetermined time set 
by said timer means. 

21. Apparatus as claimed in claim 19, wherein said 
timer means is connected to said selecting means to 
enable selection of different ones of said signals in ac- 
cordance with desired human activity at different times 
of day. 

22. Apparatus as claimed in claim 19, wherein said 
generating means comprises means, responsive to said 
detecting means, for increasing an amplitude of said 
signals in response to an increase in amplitude of said 
ambient noise, and for decreasing an amplitude of said 
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signals in response to a decrease in amplitude of said 
ambient noise. 

23. Apparatus as claimed in claim 22. wherein said 
generating means further comprises means for discon- 
tinuing said signals when said ambient noise falls below 
said predetermined level. 

24. Apparatus as claimed in claim 19, wherein said 
generating means comprises a digital signal processor 
and a read-only memory (ROM) connected to said digi- 
tal signal processor, said ROM storing a plurality of sets 
of signals, each of said sets of signals having frequencies 
substantially equal to human brain patterns at a desired 
state of consciousness. 

25. Apparatus as claimed in claim 24, wherein each of 
said sets of signals comprises а plurality of sets of com- 
bined brainwaves, each of said sets corresponding to a 
different level of consciousness, said combined brain- 
waves within a given set being constituted by combined 
electroencephalogram (EEG) waveforms of a plurality 
of individuals, taken when said individuals had attained 
a different respective state of consciousness. 

26. Apparatus as claimed in claim 25, wherein said 
EEG waveforms are mathematically averaged. 

27. Apparatus for awakening an individual using 
brain pattern entrainment, said apparatus comprising: 

means for selecting a wake-up time; and 

means, operative a predetermined period before said 

wake-up time, for producing a first sequence of 
signals having frequencies in a first predetermined 
range corresponding to a first state of conscious- 
ness, followed by a second sequence of signals 
having frequencies in a second predetermined 
range corresponding to a second state of conscious- 
ness, у 

28. Apparatus as claimed in claim 27. wherein said 
first predetermined range is the theta-alpha range, ала 
Said second predetermined range is the beta-gamma 


range. 
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his is a listing of various 
technologies available which can 
be combined for use in direct or 
subliminal mind-control systems. 
Please note that these are mainly 
private inventions intended for 
positive uses, but could be applied for 
negative purposes as well. 










* Silent Subliminal Presentation System, 
US Patent 45,159,703, Oliver Lowery, 


October 27, 1992. A silent 
communications system in which non- 
aural carriers in the very low or very high 
audio-frequency range, or in the adjacent 
ultrasonic frequency spectrum, are 
amplitude-modulated with the desired 
intelligence and propagated acoustically or 
vibrationally for inducement into the brain. 
® Hearin m, US Patent #4,877,027, 
Wayne Brunkan, October 31, 1989. A 
method for directly inducing sound into the 
head of a person, using microwaves in the 
range of 100 MHz to 10,000 MHz, 
modulated with a waveform of frequency- 
modulated bursts. 

e Psycho-Acoustic Projector, US Patent 
#3,568,347, Andrew Flanders, February 
23, 1971. A system for producing aural 
psychological disturbances and partial 
deafness in the enemy during combat 
situations. 

* Noise Generator and Transmitter, US 
Patent #4,034,741, Guy Adams and Jess 
Carden, Jr, July 12, 1977. An analgesic 
noise-generator. 

* Method and System for Altering 
Consciousness, US Patent $5,123,899, 
James Gall, June 23, 1992. A system for 
altering the states of human consciousness 
involving the use of simultaneous 
application of multiple stimuli, preferably 
sounds, having differing frequencies. 

* Subliminal Message Generator, US 
Patent $5,270,800, Robert Sweet, 
December 14, 1993. А combined 
subliminal and supraliminal message 
generator for use with a ге! <, оп receiver; 
permits complete control of subliminal 
messages and their presentation, Also 
applicable to cable television and 
computers. 

* Superimposing Method and Apparatus 
Useful for Subliminal Messages, US Patent 
85,134,484, Joseph Wilson, July 28, 1992. 
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US Patent $4,717,343, Alan Densky, 
January 5, 1988. A method of conditioning 
a person's unconscious mind in order to 
effect desired change in the person's 
behaviour, and which does not require the 
services of a trained therapist. 

* Auditory Subliminal Message System and 
Method, US Patent $4,395,600, Rene 
Lundy and David Tyler, July 26, 1983. An 
amplitude-controlled subliminal message 
may be mixed with background music. 

* Auditory Subliminal Programming 
System, US Patent $4,777,529, Richard 
Schultz and Raymond Dolejs, October 11, 
1988. 

* Apparatus for Inducing Frequency 
Reduction in Brain Wave, US Patent 
$4,834,701, Kazumi Masaki, May 30, 
1989, 

* Ultrasonic Speech Translator and 
Communication System, US Patent 
85,539,705, M. A. Akerman, Curtis Ayers, 
Howard Haynes, July 23, 1996. A wireless 
communication system, undetectable by 
radio-frequency methods, for converting 
audio signals, including human voice, to 
electronic signals in the ultrasonic 
frequency range, transmitting the ultrasonic 
signal by way of acoustic pressure waves 
across a carrier medium, including gases, 
liquids and solids, and reconverting the 
ultrasonic acoustic pressure waves back to 
the original audio signal. This invention 
was made with government support under 
Contract ОЕ-АСО5-840К 21400, awarded 
by the US Department of Energy to Martin 
Marietta Energy Systems, Inc. 

* Non-Audible Speech Generation Method 
and Apparatus, US Patent $4,821,326, 
Norman MacLeod, April 11, 1989. 

* Apparatus for Electrophysiological 
Stimulation, US Patent 44,227,516, Bruce 
Meland and Bernard Gindes, October 14, 
1980. 


* Method and Recording for Producing 
Sounds and Messages to Achieve Alpha 


and Theta Brainwave States and Positive 
Emotional States in Humans, US Patent 
$5,352,181, Mark Davis, October 4, 1994, 
* Method and Apparatus for Translating 
the EEG into Music to Induce and Control 
Various Psychological and Physiological 
States and to Control a Musica! Instrument, 
US Patent $4,883,067, Knispel et. al., 
November 28, 1989. 

* Method of and Apparatus for Inducing 
Desired States of Consciousness, US Patent 
45,356,368, Robert Monroe, October 18, 
1994. Improved methods and apparatus 
for entraining human brain patterns, 
employing frequency-following-response 
(FFR) techniques and facilitating attainment 






* Me f inducing Mental, Emotional: 
and Physical States of Consciousness,: 
including Specific Mental Activity, in: 
Human Beings, US Patent #5,213,562,: 
Robert Monroe, May 25, 1993. i 
* Device for the Induction of Specific Brain: 
Wave Patterns, US Patent 44,335,710, John: 
Williamson, June 22, 1982. Brainwave: 
patterns associated with relaxed and: 
meditative states in a subject are gradually: 
induced without deleterious chemical ог: 
neurologic side effects. : 


* Method and Apparatus for Repetitively: 


Producing a Noise-like Audible Signal, US: 
Patent $4,191,175, William Nagle, March: 


4, 1980. i 
* Apparatus for the Treatment of: 


Neuropsychic and Somatic Diseases with: 
Heat, Light, Sound апа УНЕ: 


Electromagnetic Radiation, US Patent: 
83,773,049, L. Y. Rabichev, V. F. Vasiliev, £ 
А. S. Putilin, T. С. Шпа, Р. V. Raku and: 
L. P. Kernitsky, November 20, 1973. Don't: 
let the nice title fool you. This is the patent: 
for LIDA, the infamous Soviet brainwashing: 
machine. H 
* Non-Invasive Method and Apparatus for: 
Modulating Brain Signals through an: 
External Magnetic or Electric Field to: 
Reduce Pain, US Patent #4,889,526,: 
Elizabeth Rauscher and William Van Bise,: 
December 26, 1989. i 
* Nervous System Excitation Device, US: 
Patent 43,393,279, Gillis Patrick Flanagan, : 
July 16, 1968. А method of transmitting: 
audio information via a radiofrequency: 
signal modulated with the audio info: 
through electrodes placed on the subject's: 
skin, causing the sensation of hearing the: 
audio information in the brain. i 
* Method and System for Simplifying: 
Speech Waveforms, US Patent $3,647,970, : 
С. Patrick Flanagan, March 7, 1972. А: 
complex speech waveform is simplified so: 
that it can be transmitted directly through: 
earth or water as a waveform and: 
understood directly or after amplification. : 
* Means for Aiding Hearing, US Patent: 
$2,995,633, Henry Puharich and Joseph: 
Lawrence, August 8, 1961. Means for: 
converting audible signals to electrical: 
signals and conveying them to viable: 
nerves of the facial system. : 
* Means for Aiding Hearing by Electrical: 
Stimu:....0n of the Facial Nerve System, US: 
Patent #3,170,993, Henry Puharich,: 
February 23, 1965. : 
* Hearing Device, US Patent 84,858,612,: 
Philip Stocklin, August 22, 1989. А: 
method and apparatus for simulation of: 
hearing in mammals by introduction of a: 
plurality of microwaves into the regions of: 

































































































































































